MACHINE 


A PENTON PUBLICATION — BIWEEKLY 


Far oworkiyt 





JANUARY 22, 1959 








4 


p 7 
ie 














- 

+ 

a 

a 

+ 
a a a aes = ee a ae ae ere we | we 
T | in ie i wr ee T eee yy eS . wo 

=> 






































The proper material for sintered bronze or iron bearings has always heen 
a major problem to design men. Now for the first time a chart has been 
engineered, clearly showing the complete chemical, mechanical, and work 
characteristics of a wide range of sintered bearing materials. The best 
material for most applications can be selected by a draftsman in a 
matter of minutes. Only requests on company stationary will be honored. 
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POWDER METALLURGY BEARINGS + PARTS 


BETTER LUBRICATION BEGINS WITH ALEMITE | OML-must | 


How to cut 
lubricant costs up to 90% 
— and increase production! 


Large and small plants jin many industries are making important 


maintenance po PD while actually boosting machine output— 
=v 


| gi 
with Alemite Oil-Mist fo Automatic Lubrication. 


The Oil-Mist system atomizes oil into air-borne puttiuiagil 
carries them through tubing toall lubrication points de), and bathes every moving surface 
oe 
with a cool film of clean lubricant PF while machines operate. It provides constant, 
uniform, completely automatic | lubrication to a few or to hundreds 
of bearings. <e, Accurate and foolproof, Oil-Mist eliminates guesswork. rs, No bearing 


Log ‘ 
can be overlooked RG es7, or over-lubricated. 


Three types of Oil-Mist fittings apply lubricant in the form required. Either a mist fitting 47 


or a condensing fitting v or a spray fitting, e is used to lubricate any lubrication point. 


" <o) 
An Qil-Mist system Fy can be applied to any new or installed 


ine. P. i in detail how it cuts costs, - reduces man-hours and 
machine eh Find out in detail how it cu VES f u 


machine downtime, extends bearing life, and increases production. 


Write > Alemite, Dept. BB-19, 1850 Diversey Parkway, Chicago 14, Illinois. 


Makers of these automatic centralized lubrication systems : Oil Mist - Accumatic - Accumite 


ALEMIT 


1850 Diversey Parkway, eT arte 
Chicago 14, Illinois / a 
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DESIGN 
NOTES 


How C/R’s New 
Metal Bellows Seal 


Meets Seeiningly Impossible 


Operating Conditions 


Operating Ranges 


Temperature —400° to 1000° F. 


Pressure 500 psi 
R.P.M. 80,000 plus 


These known operating ranges indicate 
the function of this seal. It is designed 
for applications where temperatures and 
mediums to be sealed forbid the use of 
any organic materials. Typically, these 
applications include fuel pumps, com- 
pressor power units and turbine starters 
characteristic in rockets and missiles. 
Other applications include mechanisms 
which are exposed to a high level of 
radioactivity. 


BDesign Advantages 

The C/R metal bellows seal consists of 
a metal bellows — a welded homoge- 
neous unit which is secured at one end 
— and a carrier ring in which the seal- 
ing face is mounted. The seal does not 
contact the shaft. It is stationary, and 
the only rubbing surfaces are the seal- 
ing face and mating ring. These surfaces 
are precision lapped to provide a pos- 
itive seal with minimum friction. At 
any given pressuré, the seal can be de- 
signed to maintain proper and con- 
stantly effective face loads. It orients 
immediately to run-out and will resist 
any torques it is subjected to in opera- 
tion. The design has high end-play tol- 
erance: Chicago Rawhide engineers 
have deflected a bellows .100 in. for three 
million cycles at 1750 cpm and at a 


temperature of 500° F. with no adverse 
effects. 


A further advantage is relatively light 
weight and compactness. The C/R metal 
bellows seal can be designed for min- 
imum axial and radial space. Axially, 
complete seals can be produced within 
a ¥, in. cross-section. Radially, dimen- 
sions are comparable with conventional 
end face seals. 


The C/R metal bellows seal can also be 
designed with an extremely low coeffi- 
cient of expansion. The importance of 
this factor becomes apparent with the 
fact that in many applications the op- 
erating temperature may change hun- 
dreds of degrees in a very few seconds. 


Mediums To Be Sealed 
Virtually any known liquid or gas may 
be positively sealed with this design, 
depending upon duration or service life. 
From a practical viewpoint, the C/R 
metal bellows seal is the best design for 
the sealing of cryogenic and high- 
energy fuels such as LOX, hydrogen 
peroxide, fluorine and other missile and 
rocket propellants. 

Where possible, lubrication of the two 
sealing faces is desirable to prolong 
service life. However, the medium being 
sealed commonly acts as the lubricant 
and may be merely hot gas. 


Materials 
Sealing faces and mating rings for the 
C/R metal bellows seal are available in 
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a variety of materials including carbons, 
carbides, ceramics and various alloyed 
metals for both high temperature and 
corrosion resistance. The bellows can 
be furnished in any of several metals 
and alloys such as stainless steel, Monel, 
Inconel X, Ni-Span C and other special 
alloy steels. 


Consult C/R Engineers 

Each application for the C/R metal bel- 
lows seal is essentially a custom-design 
and an intimate knowledge of all condi- 
tions to be encountered must be known 
by Chicago Rawhide engineers to pro- 
duce the correct combination of proper- 
ties in the seal. Then, whether you re- 
quire five, fifty or five thousand seals, 
Chicago Rawhide will design and pro- 
duce the correct seal to solve your 
problem. 


Helpful Design Data: 

We will gladly furnish you with a de- 
sign guide and space envelope data con- 
cerning the C/R Metal Bellows Seal. 
Just write for Bulletin MBS-1 on your 
company letterhead. 





CHICAGO RAWHIDE 
MANUFACTURING COMPANY 


1221 Elston Avenue ¢ Chicago 22, Illinois 


Offices in 55 principal cities 


In Canada: Chicago Rawhide Mfg. Co. of Canada, Ltd., 
Brantford, Ontario 
Export Sales: Geon International Corp., 
Great Neck, New York 
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SPACE-SAVING 


TWO CLARK, RELAYS 


added to the “PM” Line!l... 


With the addition of Time-Delay and Universal Pole Relays 
to its “PM” line, Clark now offers the most complete integrated 
line of control relays available today! They have the same 
“modular” design and match physically the Convertible Pole 
(Type “PM”) and Latch Relay (Type “PMA”). 


CLARK Type “PMT” 
TIME DELAY RELAYS 


e@ Line up with other relays in the “PM” line. 
@ Timing head occupies space of 2 poles above magnet. 


@ Poles are “universal” type—each with 2 isolated contacts, one 
normally open, one normally closed, same as used on “PMA” 
relays described below. 


e@ Available for “ON-DELAY” or “OFF-DELAY” operation (time 
delay after energization or de-energization). Easily convertible 
in the field. 


@ Timed and instantaneous poles are identical. 


@ Models available with either 2 or 4 timed contacts and up to 
6 instantaneous contacts. 


CLARK Type “PMA” 
UNIVERSAL POLE RELAYS 


@ Line up with other relays in the “PM” line. 


@ Each pole contains 2 isolated contacts—one normally open, one 
normally closed, with 600v clearance between contacts. 


@ Individual poles can be removed or replaced without disturbing 
others. Each pole has its own arcing chamber—any short circuit 
is confined to one pole. 

@ Poles are interchangeable with convertible poles of “PM” relays. 


@ Models available with up to 14 contacts per relay. 


How Clark Relays line 
up to save panel space. 


1. Universal Pole Relay 
2. Time Delay Relay 

3. Convertible Pole Relay 
4. Latch Relay 


Write for complete information 


Tho CLARK ( 


CONTROLLER Company 


Everything Under Control | | | 1146 East 152nd Street . * Cleveland 10, Ohio 
IN CANADA: CANADIAN CONTROLLERS, LIMITED » MAIN OFFICES AND PLANT, TORONTO 
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Ducted Fans Get Safer, Bigger 


The tether is temporary with Hiller Aircraft's latest Flying 
Platform, shown here during initial test flights (left). Growing 
out of earlier single-engine designs, the new ducted-pro- 
peller vehicle couples three engines to the fan for increased 
reliability. Big brother of the one-man platform is the 


1958 Metals Developments 
Indicate Bigger Things in ‘59 


ASM President Reviews 
Major Metals Achievements 


CLEVELAND—Adaptation of 30,000-F 
plasma-jets to surface coating . . . 
new explosive-forming techniques 
for metal shaping . . . two steels, 
one with tensile strength of more 
than 400,000 psi . and rolling 
metal strip directly from powder 

. these developments head a list 
of recent achievements cited as fore- 
runners to advancements in 1959. 

Dr. Clarence H. Lorig, president 
of the American Society for Metals 
and technical director of Battelle 
Memorial Institute, observes that 
“we are on the threshold of even 
greater achievements in meeting 


6 


space-age demands.” In a year-end 
report, Dr. Lorig highlighted last 
year’s “huge strides by our metals 
experts,” who today are working 
with metals for temperatures as low 
as —434F and as high as 5000 F.” 


The ‘cold’ facts... 


The low-temperature extreme is, 
of course, a problem associated with 
liquid fuels for missiles. Only a few 
metals retain ductility at tempera- 
tures near absolute zero, and then 
only under certain conditions. Some 
stainless steels and certain copper, 
aluminum and titanium alloys can 
be used for storing liquefied gases, 
but many problems associated with 
their fabrication remain unsolved. 


. «+ and a new hot process 


The plasma-jet, originally in- 
tended to simulate heat conditions 


VTOL weight lifter (right), now under preliminary design 
study for the Navy. Ducts rotate from the vertical to provide 
forward-flight thrust. Considerably more efficient than the 
conventional helicopter, the wingless weight lifter is intended 
for relatively slow-speed, flying-crane duty. 


encountered at hypersonic speeds, is 
now being adapted to metal pro- 
duction. Temperatures up to 30,000 
F make possible melting and appli- 
cation of metals and compounds 
with extremely high melting points. 
Besides producing parts that with- 
stand high temperatures, the process 
is expected to be used in making 
electronic parts anu special chemi- 
cal process assemblies from mate- 
rials that might not otherwise be 
formable. 


Steels get more muscle 


Two new steels introduced last 
year offer high strength, excellent 
formability, and weldability. One 
is an air-cooling, ultrahigh-strength 
alloy with tensile strengths up to 
280,000 psi; the other—still virtu- 
ally in the laboratory stage—has 
shown strengths to 400,000 psi, the 
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An announcement of interest to 





manufacturers of steel parts 


Improvements in 
tod ay’s STRESSPROOF : 


WITH COPPER 


] 100,000 PS! YIELD STRENGTH in all sizes . . . without heat 
treating. 


2 IMPROVED PHYSICAL PROPERTIES...better fatigue life 
wearability, and resistance to atmospheric corrosion. Over-all 
quality is improved. 


3 IMPROVED MACHINABILITY...sTRESSPROOF with copper now 
machines faster and better than ever. It gives longer tool life, better 
finish, and more production from a day's run, according to shop 
production records. 


4 CLOSER TOLERANCES... Tolerances for rounds have been tight- 


ened to meet the need for more precise parts as follows: 





VY," to 1" Over 14" to 24” Over 214” to 3%” 
+.000 +.000 +.000 
— .004 — .005 — .006 




















2 COMPARED WITH OTHER STEELS, 
STRESSPROOF COSTS EVEN LESS TODAY... Also saves mo- 
chining and heat treat costs, and you get a better quality part. It 
will pay you to take another look at this improved material. 


Your STEEL SERVICE CENTER stocks contain today's STRESSPROOF. It 
has been produced and shipped over a several months’ period. 


JUST PUBLISHED! Use this coupon to request your copy of new bulletin, 
"Improvements in Today's STRESSPROOF Steel Bars."’ 


La Salle STEEL COMPANY 


i ae 1426 150th Street, Hammond, Indiana 


Name Title 








Company 
Address 





City Zone State. 
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highest reached by any metal. It is 
also reported to have high ductility 
at temperatures as low as —385 F. 


Big boom in forming 


Explosive forming, which takes 
advantage of the creation of a vis- 
cous state in metals through appli- 
cation of high pressure, produces 
complicated sh apes— sometimes 
without dies. Usually dynamite or 
TNT provides the energy, but a ma- 
chine has been developed which ex- 
erts extremely high pressures pneu- 
matically and releases them with 
virtually no time delay. In addition 
to producing shapes which might 
ordinarily be made only in huge 
presses, explosive force is also being 
considered for such tasks as sur- 
face hardening of steel, riveting, 
hole piercing, embossing, compact- 


ing of metal powders, forging, bond- 
ing, and casting under pressure. 


Progress in powders 


Advancement in metal powders is 
in two areas: Production of parts 
from a new low-alloy iron powder 
with strengths up to 190,000 psi 
and rolling of metal strip directly 
from metal powders. Copper and 
nickel have been rolled to thick- 
nesses of 0.050 to 0.060 in. in widths 
up to 11 in. at a rate of 6 fpm. 


Other projects claiming the atten- 
tion of metals experts are electron- 
beam vacuum melting, a process 
which produces extremely pure met- 
als by melting in a vacuum cham- 
ber with an electron gun; develop- 
ment of three new titanium alloys, 
one of which can be heat treated 
to 240,000-psi strengths; and coated, 
corrosion-resistant steels. 


Portable Stereo Carries Second Speaker in Cover 


Stowaway auxiliary speaker snaps out of the lid of a portable stereo phono- 
graph. Placed up to fifteen feet apart, the two speakers give true stereophonic 


reproduction through dual-channel amplifiers. 


Developed by Admiral Corp., 


the unit will be available in three luggage-type models this year. 


Atomic Energy Powers RR Light 


Beta particles from Krypton 85 are the 
only source of energy for New York 
Central's new atom-powered switch 
light. Visible light results when beta 
rays strike a phosphorescent coating 
inside the bulbs holding the krypton 
gas. Development problem was bal- 
ancing nuclear-power output with 
proper shielding to give a bright, yet 
safe light. Present version, which uses 
bulbs supplied by U. S. Radium Co., 
Morristown, N. J., has been fully ap- 
proved by the AEC. Lantern body and 
shielding were developed by New York 
Central's Research Lab in Cleveland. 





Topics 


Jack Frost is foiled by a defrostable 
rear-view mirror for cars and trucks. 
De-icing—accomplished in three min- 
utes at zero temperatures—is done 
electrically, the vehicle’s battery fur- 
nishing current to a conductive coat- 
ing on the back of the mirror. Spar- 
tan Automotive Co., Jackson, Mich., 
markets the hot mirrors. 

ee e e@ 

Gamma rays and goobers have com- 
bined to produce what scientists call 
a “milestone in fundamental genetics.” 
An improved strain of peanuts resulted 
from atomic radiation of peanut seeds. 
The new peanut has thicker shells, 
fewer damaged kernels and growth 
cracks, and is more resistant to disease. 
Neither plant nor seeds are radioactive, 
and the peanuts are edible. 

e e e@ 

Pushbutton blues ‘hreaten workers 
in automated factc’:2s, according to 
a French psychiatris. who has studied 
“human problems” of automation. A 
seven months’ investigation of condi- 
tions at a Renault plant which is the 
most fully automated car factory in 
the world indicates that mental dis- 
turbance stemming from a sense of 
isolation and loneliness is an occupa- 
tional hazard of button-pushing. A 
conclusion of the study is that work- 
ers must be made to feel that they 
are part of a team effort. As a start, 
it was suggested that machines be 
placed in groups of two or three. 

e e e@ 

Research is only skin deep in a Navy 
project aimed at measuring effects of 
radiation such as a pilot may face 
from direct sunlight high above the 
earth. In a device used in experi- 
ments, material simulating human skin 
is laid over a metal cylinder. Tem- 
perature is controlled above and below 
the material, and instruments meas- 
ure the temperature through it. Re- 
sults of the research will serve as a 
guide for specifying protective cloth- 
ing and proper atmospheres for high- 
flying pilots. 

e » 2 

Diamonds are a road’s best friend 
when they are used in a machine that 
trims surface irregularities from pave- 
ment. The “bump cutter,” which was 
originally developed to smooth jet 
runways, has been used to finish 
a new section of the Illinois Tollway. 
This machine, employing a principle 
similar to a_ reel-type lawnmower, 
uses approximately 2000 carats of 
diamon:. in 100 parallel rows, to trim 
small surface bumps. Smoother high- 
ways not only provide increased driver 
safety and comfort, but lower upkeep 
costs by reducing impact of heavy 
loads against even small bumps. 
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HERE’S WHY.. 


ROYAL ELECTRIC TYPE- 
WRITERS. “Bodine Motors 
were selected because of 
their convenient, compact 
size; quietness; and effi- 
cient operation which turns 
out a true rated power. 
Reliability, of course, was 
our first consideration.”” — 
Royal Typewriter Division, 
Royal McBee Corporation. 


JOHNSON AUTOMATIC 
COIN COUNTERS. ‘We re- 
quired a small, powerful 
motor for our coin coun- 
ters .. and were able to 
obtain a motor that fitted 
our needs from Bodine’s 
wide selection. We have 
used Bodine Motors for 
over 13 years, and find 
them to be extremely re- 
liable.’"’ —Johnson Fare 
Box Company. 
} 


Leading business machine manufacturers 
power their products with Bodine Motors 


REMINGTON RAND AUTO- 
MATIC CALCULATORS. ‘‘We 
require a motor with a high 
torque for its size. Bodine 
Motors meet these require- 
ments without excessive 
temperature rise . . and 
they're exceptional for re- 
liability and performance.” 
—B. H. Tingley, develop- 
ment engineer. 


REX-O-GRAPH DUPLICA- 
TORS. ‘‘We tested all in- 
duction type motors. 
Bodine was the only one 
that met our requirements 
in starting torque, weight, 
breakdown torque, size, and 
reduction gear dimensions. 
Service on this motor has 
been almost nil.’’—General 
Binding Corp. 


New model business machine motor! 


Ask for a copy of newly published Technical 
Bulletin #1034. It tells the story of Bodine’s 
newest model business machine motor . . 
the FSE-23. It’s only 2%" high . . weighs 
only 1 pound, 11 ounces . . packs plenty of 
power. And it’s rectangular in shape . . fits 
into minimum space. Send your request to 
Bodine Electric Company, 2508 W. Bradley 
Place, Chicago 18, Illinois. 
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HEDMAN CHECK WRITERS. 
“We require motors that 
are small, quiet, sturdy, 
long lasting, trouble free, 
and supply the high torque 
needed. We've used Bodine 
Motors for 36 years . 

their engineers are always 
willing to help with our 
motor problems.”’ —C. W. 
Johnson, vice president. 


BRUNING COPYING MA- 
CHINES. “The only reason 
we buy Bodine Motors is 
that we could not buy a 
product of equal quality 
elsewhere."’ —John P. 
Arndt, works manager, 
Chicago factory. 


Other applications for Bodine Motors: 
vending machines, instruments, 
communication equipment, sound 
recorders, automatic scales, respi- 


horsepower rators, voltage regulators, X-ray 


timers, traffic signal timers, stirrers, 


M eon ®) = M5 sanders, letter openers, envelope 
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sealers .. plus many, many other 
applications. 


...the power behind the leading products 





Marine's Mighty Mite Makes Ready 


Set for rugged tests on the proving ground, first produc- 
tion pilot models of American Motors’ Mighty Mite roll 
out after five years of intensive ‘powerplant and chassis 
development. Grossing only 1700 Ib, the new Marine 
Corps vehicle climbs 100 per cent grades, fords 60-in. deep 
streams. Mite's 55-hp engine is an aluminum, air-cooled 


Big Flywheels Store Energy For Hypersonic Wind Tunnel 


V-4 and weighs 303 Ib; displacement is 108 cu in., and 
compression ratio is 7.5:1. Designed to be airborne by 
helicopter, Mite has a top speed of 62 mph and can chug 
along at a minimum speed of 2.5 mph. After evaluation 
and tests by AM and the Corps, the vehicle will go into 
production at AM's Special Products plant in Detroit. 


present small-scale shock tubes. 
The tunnel works by heating 


Mechanical “Battery” Cuts Cost 
To 42 Cents per Shot 


Scnenectapy, N. Y.—Massive spin- 
ning flywheels form the unique 
“charged source” of energy for a 
hypersonic shock tube being built at 
AF’s Arnold Engineering Develop- 
ment Center, Tullahoma, Tenn. 
Brought up to speed by squirrel-cage 
motors, the flywheels are cluiched 
to direct-current generators 
for mechanical-to-electrical energy 
conversion. Electrical energy — 
stored briefly in an outsized induc- 


tion coil — produces a 120-million 
joule spark to fire the tunnel. 
Called “Hot Shot,” the tunnel de- 
velops Mach-20 airflows in a test 
section big enough to accommodate 
full-scale nose cones, missiles, and 
rocket components. Like all shock- 
tube test facilities, Hot Shot main- 
tains design air speed for only a frac- 
tion of a second. However, such short 
bursts of hypersonic air are enough 
for most test purposes. The new 
AEDC facility, incorporating a 7 by 
7-ft working section, requires ap- 
proximately ten times the energy of 


compressed air in a small vessel by 
a high-intensity arc. The air, at 
great heat and pressure, bursts a 
frangible diaphragm and expands 
smoothly through a nozzle. 
Bringing the twin flywheels to 
1800-rpm “firing” speed is a slow 
process because of their tremendous 
inertia. Measuring 76 in. diam. by 
64 in. thick, each flywheel weighs 
47 tons. From a cold start, the 1000- 
hp drive motors can accelerate the 
flywheels in 15 min. During sub- 
sequent firings, the heated motors 
require 30 min to fully charge the 


Forty-seven ton flywheels, driven by 1000-hp ac motors, 
store 550 million watt-seconds of energy it: the Hot Shot 
tunnel. Converted to electrical energy in ©° generators, 
power is stored in an 11-ft dia~ «© iuction coil until used 


10 


to fire the 1,000,000-amp, 20,000-v spark. Test section of 
the Mach-20 wind tunnel measures 7 by 7 ft—large enough 


to accommodate full-scale models. This sketch is artist's 
conception of hot shot component arrangement. 
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ARTEELS COPPERWELD STEEL COMPANY 
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ARISTOLOY STEEL DIVISION - 4017 Mahoning Ave., Warren, Ohio » EXPORT: Copperweld Steel International Co., 225 Broadway, New York 7, N. Y. 
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flywheel “batteries.” At full speed, 
flywheels store 650 million watts of 
energy. 

The system will be able to re- 
peat the firing cycle every half hour. 
Total energy delivered in each pulse 
is not great—about 42 cents’ worth 
of electricity (at average retail 
rates). Only 2500 kva will be drawn 
from AEDC’s electrical system. 

The air-core induction coil, be- 
lieved to be the largest ever built 
(11 ft diam:, 5 ft high, and weigh- 
ing about 60 tons) will be braced 
to withstand a clamping force of 
12 million lb at its midpoint. The 
enormous magnetic field, created by 
the current passing through the coil, 
tends to squeeze it like a spring. 

Switches and protection systems 
are being specially designed to han- 
dle the unusually high currents de- 
veloped in Hot Shot. A remotely 
operated pneumatic-powered discon- 
nect will probably qualify as the 
world’s largest switch. Capable of 
carrying 1,000,000 amp for one- 
fourth of a second, it will serve as 
an isolating device. 

All electrical equipment for Hot 
Shot is being designed and built 
by General Electric. 


Polyhedral Hull Gives Fast, Smooth Ride 


Stability at speeds up to 40 mph is achieved in this all- 
aluminum boat with a saw-tooth hull. Faired out to a 
smooth bottom in about half the length of the boat, the 
steps cushion the drop of the bow and give a fast, stable 
ride in 31/2-ft waves. To push the boat to 40-mph speeds, 
two gas turbine engines built by Solar Aircraft Co. develop 
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New Look in No-Kink Tube Benders 


Top-quality bends in the half mile of thin-wall tubing in Boeing's B 52 are made 
on a new flexible-ball mandrel. More versatile and durable than its predecessors, 
the Free-Flex mandrel handles stainless-steel or aluminum tubing in diameters 
ranging from 1 to 6 in. Flattening or crushing of tubes during bending are elimi- 
nated by a series of steel supporting balls, interconnected by spherical-ended 
pins. Bends can be made on radii down to twice the tube diameter. Developer of 
the mandrel—Boeing Airplane Co.—has granted manufacturing rights to Pines 
Engineering Co. Inc., Aurora, Ill. 


500 hp apiece. Approximately 10 tons of 5456 aluminum 
sheet and plate, ranging from 3/16 to 1 in. in thickness, 
were used for hull plates and frames. The boat was de- 
signed for personnel transport, patrol, and rescue work 
where speed and stability in rough water are vitally im- 
portant characteristics. 
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Positive roller retention 
during handling and as- 
sembly and effective lu- 
bricant sealing for many 
applications are two bene- 
fits of Torrington’s expe- 
rience-proved retaining lip 
construction. 





This little lip 


makes a big difference! 


The turned-in lip at each end of Torrington Needle Bearings positively 
retains the trunnion - end rollers and makes the bearing truly a complete 
unit, with no possibility of roller fall-out. 

This unit construction simplifies installation and servicing. The closely 
controlled clearance and the large area between cup lips and shaft form 
an effective labyrinth seal. Also this retaining lip allows pregreasing the 
bearing with the proper lubricant for each application. 

Long experience with the Torrington Needle Bearing in thousands of 
applications has proved the merit of this and other features in efficient 
performance and long service life. Make sure your product benefits from 
the best that experience has to offer—specify Torrington Needle Bearings. 
The Torrington Company, Torrington, Conn.—and South Bend 21, Ind. 


TORRINGTON BEARINGS 


District Offices and Distributors in Principal Cities of United States and Canada 


NEEDLE ¢ SPHERICAL ROLLER + TAPERED ROLLER + CYLINDRICAL ROLLER + NEEDLE ROLLERS + BALL + THRUST 
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Minimum Helicopter Licks Stick Shake 


Extreme stability and freedom from vibration allow this 
tiny copter to be flown hands-off. Hedgehopping abilities 
and small silhouette make it an elusive target for enemy 
fire. Although the YHO-2HU was designed for Army 
reconnaissance, liaison, and training, the developer— 
Hughes Tool Co., Aircraft Div., Culver City, Calif—kept an 
eye on civilian requirements. Completion of CAA approval 
programs will establish a commercial version, model 269A, 


for what is predicted to be a large civilian market. Sim- 
plicity, economy, and stability are outstanding design fea- 
tures of the craft. Vitali parts are easily accessible for 
maintenance; the Lycoming 0-360 engine unit can be 
changed in 45 min by three men without hoists or unusual 
tools. Useful load is 635 Ib; range is estimated at 180 
miles at 65 mph; service ceiling is 11,000 ft. Autorotative 
descent rate is 1400 fpm. 





Noisiest Spot at G.E. 


Three 600-w loudspeakers aimed into 
a small box provide shattering noise 
for testing electronic and mechanical 
components used in Atlas and Thor 
missiles. Parts being tested are sus- 
pended on elastic cords inside the 
120-cu ft chamber and blasted with a 
145-db roar. Complete nose cones are 
tested by allowing the noise to flow 
into a larger room. Built by General 
Electric, the acoustic chamber has seven 
irregular interior walls to avoid paral- 
lel alignment. 
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Six Countries Agree on 
New Yard and Pound 


Wasuincton—The National Bu- 
reau of Standards has announced, in 
co-operation with corresponding 
bodies from five other nations, a 
new international standard for the 
yard and pound based on metric 
standards. It may not have bothered 
too many people, but the old U. S. 
pound is nearly 0.00000009 kg 
heavier than the British pound. The 
Canadian pound is even heavier. 

Since modern scientific methods 
cannot tolerate such discrepancies, a 
compromise international pound 
was chosen weighing 0.45359237 kg. 
This figure is exactly divisible by 
seven, so it makes a grain exactly 
0.06479891 gm. For similar reasons, 
an international yard was chosen 
that is 0.9144 long. This makes an 
inch exactly 25.4 mm. 

Until now, linear values used by 
NBS were those proposed by Men- 
denhall for the U. S. Coast and 
Geodetic Survey. These are based 
on the exact relationship: 1 yd = 
3600/3937 international meter. For 


the time being, Geodetic Survey 
records and data will continue to be 
expressed in these units. 

Nations co-operating in establish- 
ing the new units are Canada, 
Great Britain, South Africa, New 
Zealand, Australia, and the United 
States. The announcement is being 
made concurrently in all of these 
countries. 


Vanguard Lube Is Safe 
In Liquid-Oxygen Lines 


CHESTERTOWN, Mp. — Couplings, 
valves, and other moving parts in 
liquid-oxygen lines are safely lubri- 
cated with a synthetic compound in 
the Vanguard rocket. Explosion 
dangers of conventional hydrocar- 
bon lubricants in the presence of 
pure oxygen are eliminated. The 
new compound, called LOX lubri- 
cant X-1333, is a development of 
Lehigh Chemical Co., Chestertown, 
Md. Martin Co., builder of Van- 
guard, has written a specification 
(MCI 20202) on this lubricant. 
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900° F. STOCK BEARINGS 


PERMIT RAPID SOLUTIONS TO HIGH-TEMP PROBLEMS 


kz ade 


Loud Midget Bawls Train Times 
Power to page passengers and an- 
nounce trains in large depots is han- 
dled by this miniature transistorized 
amplifier. Rated at 75 w, the midget 
amplifier (left) is the equivalent of the 
conventional vacuum-tube unit (right). 
Finding none on the market, New York 
Central's Research Laboratory put to- 
gether this prototype. NYC also has a 
20-w amplifier designed for use in a 
portable electronic megaphone. 





TYPE: Deep groove radial. RETAINERS: Machined, land riding. 
SIZES: 200, 202, 204 and 206. ACCURACY: ABEC-5. 
BALLS AND RACES: High speed steel. LUBRICATION: None. 











THESE NEW ITI ball bearings are for use at elevated 
temperatures up to 900° F. At such temperatures, their load 
capacity is greater than any other bearings of like size, and 
they have unusual dimensional stability. They open new 
horizons in developmental work, because (1) they provide a 
first approximation to the solution of a wide range of high- 
temperature bearing problems; (2) they're available from 


Mechanical Linkage Marks Tape stock; and (3) they cost far less than custom-made experi- 


Hand-held mechanical vibration re- mental bearings. 


corder uses the impulses of the vibra- 
tion source to mark a 1-in. ink or 
waxed tape. Tape speed can be ad- application depends on many factors.* Upon receipt of ap- 
justed from 70 to 275 in. per min to 
make a readable graph of frequencies 
from 0 to 20,000 cpm. Amplitudes bearings will serve your purpose. Prices and other details 
from 0.0004 to 0.8 in. can be magni- are also available; and we invite your inquiry. 

fied 2, 4, 5, 10, or 20 times. Tape is 
stored on a take-up reel in the body *FREE BULLETIN AFB-2 gives details; also describes our work 
of the instrument. In a typical appli- 
cation, the Hand Vibrograph, made by 
Korfund Co. Inc., Long Island City, 


N. Y., checks vibration level of machin- INDUSTRIAL TECTONICS, imc. 


ery. Periodic checks thereafter can be MANUFACTURERS OF PRECISION BALLS AND BEARINGS 
compared with the original graph to 


assess wear of moving parts. It also | 3682 JACKSON RD., ANN ARBOR, MICH. 
records rotational speed of equipment 
when shaft is not accessible. 


The suitability of a bearing to any high-temperature 


plication data, we will tell you whether these “off-the-shelf” 


in custom-engineered bearings. Write for it. 





] WESTERN DIVISION PLANT: COMPTON, CALIFORNIA 
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Pal MESSINGER BEARINGS 
ore Ulee Drawing Board 









































a ana pA H IRIE ge it ae cn ee 


When design calls for bearings, it will pay to have a Messinger engineer 
“sit in” at the earliest stage. The result is very likely to include simpler design, 
lower manufacturing costs and greater efficiency of the planned product 
or equipment. 

Backed by nearly half a century of engineering experience, Messinger 
Bearings provide heavy capacities in smaller space and with less weight; 
assurance of long, troubie-free service life; and adaptability to the widest 
range of size and shape requirements. 


Consultation Invited without Obligation 


Suoothing Induasrys Pathway. | ...for early Half a Contry 


MESSINGER BEARINGS, INC. 


D STREET ABOVE ERIrt AVENUE, PHILADELPHIA 24, PENNA. 
BALL AND ROLLER BEARINGS @ FEATHERWEIGHT TO HEAVYWEIGHT 
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Editorial and Advertising content classified by subject and listed by page num- 
ber for convenience when studying specific design problems. For further 
information on subjects advertised, refer to advertisement and circle Item Num- 


ber on a Yellow Card—following page. 





Accelerometers, Edit. 182 

Actuators, Adv. 31, 33 

Adhesives, Edit. 147; Adv. 71 
Aluminum and alloys, Adv. 38, 50, 198 
Axles, Adv. 213 


Balls, Adv. 15 
Batteries, Edit. 158, 175 


Bearing materials, Edit. 167, 168; Adv. 
inside front cover, 48, 172, 176, 217 


Bearings, ball, Edit. 164; Adv. 13, 15, 16, 
21, 46, 63, 68, 84 
miniature, Adv. 68 
needle, Adv. 13, 79, 82 
rod-end, Edit. 166; Adv. 86, 2 
—, Adv. x. 16, 73, 79, 82, 1, 191, 


slesva, Edit. 167; Adv. 176, 217 
thrust, Adv. 13, 46 


Bellows, Adv. 2 

Belts, transmission, Edit. 163; Adv. 88 
Blowers, Adv. 49, 160, 198 

Books, Edit. 202; Adv. 206, 220, 222 
Brakes, Edit. 115, 169, 208; Adv. 218 
Brass (see Copper and alloys) 

Bronze (see Copper and alloys) 

Brush holders, Adv. 214 

Bushings, Edit. 171; Adv. 48 


Cams, Edit. 136, 148; Adv. 79, & 
Capacitors, Edit. 186; Adv. 96 
Carbides, Adv. 186 


Cote ond graphite parts, Edit. 132; 

v. 

Castings, bg Adv. 104, 208, 213 
iron, Adv. 184 
light alloy, ae. 104, 198, 213 
steel, Adv. 62, 174 

Ceramics, Adv. 40 

Cermets, Edit. 147 

Chain, transmission, Adv. 181 

Clamps, Adv. 212 

Classified ads, Adv. 187, 223 


Clutches, _ 115, 160, * 174, 207, 
208; Adv. 42, 99, 166, 1 , 199, 218 


Coatings also BT 


Coatings, protective, Edit. 147 

Collars, bearing alignment, Edit. 113 
Compressors, Adv. 182, 210 

Congagemn electric, Adv. 102, 164, 211, 


Contacts, Edit. 170 

Control systems, hydraulic, Adv. 27 

Controls, electric, Edit. 147, 148, 195; Adv. 
oa 66, 70, 78, 146, 156, 177, 


ae Edit. 176; Adv. 33, 204, 215, 


mechanical, Edit. 114, 207 
pneumatic, Edit. 176; Adv. 33, 87 
Copper and alloys, Adv. 48, 76, 149 
Counters, Adv. 90 
Costing, fluid, Edit. 177; Adv. 


a Edit. 209; Adv. 69, 91, ist, 188, 


Cylinders, hydraulic, Edit. 177, 210; Adv. 
185, 215, 217, 220 
pneumatic, Edit. 177; Adv. 87, 217 


Design aids, Adv. 214 

Differentials, gear, Edit. 122 

Drafting we Edit. 192, 193; Adv. 
93. , 218 


Drives, adjustable speed, Edit. 170; Adv. 
75, 190 


Electric equipment (see specific type) 


Engineering department (see Management 
or Drafting) 


Engines, Edit. 124; Adv. 56, 171 
Extrusions, Edit. 118; Adv. 97 


Facilities, general, Adv. 98 
Fans, Adv. 49, 64 
Fasteners, blind, Adv. 25 
bolts, nuts, screws, Edit. ; Adv. 25, 
34, 92, 100, 151, 163, ee 186, 193, 
197, 214, 218, 203 


locking, Edit. 167; Adv. 25, 34, 72, 155, 
193, 212, 222 
pin, Edit. 167; Adv. 212, 220 


quick release, Edit. 160, 172 
rivet, Edit. 170; Adv. 151 
Filters, Adv. 27 
Finishes (see Coa’ 
G iabgand hose, Edit. 177; 


Gages, pressure, etc. (see Instruments) 

Gaskets, Adv. 55 

Gears, Edit. - 210; Adv. 37, 85, 162, 
173, 212, 2 

Generators, Ao 171 

Glass, Adv. 43, 195 


Heaters, Edit. 178; Adv. 198, 204, 205 
Hose, metallic, Adv. 32, 53, 168 
nonmetallic, Adv. 47, 53 


Hydraulic equipment (see specific type) 


Induction motors, Edit. 147 
Instruments, Edit. 172; Adv. 157, 215 


Jacks, worm gear, Adv. 202 


Keys, Adv. 216 
Kinematics, Edit. 141 


Lamps, Edit. 183 

Linkages, four-bar, Edit. 141 
Lubricants, Adv. 67 

Lubrication equipment, Adv. 1, 165 


Machines (see specific type) 
Magnets, Edit. 27, 114; Adv. 40 
Measuring techniques, Edit. 106 
Meetings, Edit. 37 
Metals (see specific type) 
Meters, Edit. 172 
Motor alternators, Edit. 183 
Motor bases, Edit. 158 
Motors, electric: 
fractional and eens! hp, Edit. 178; 
Adv. 9, 44, 54, 158, 170, 209, 
inside back cover 
gear motors, Adv. inside back cover 
step motors, Edit. 162 
torque motors, Edit. 137; Adv. 52 
Motors, pneumatic, Adv. 87 
Mountings, vibration and shock, Edit. 148 
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Packings, Adv. 36, 172 
Perforated metals, Adv. 156 


Plastics, Edit. 158; Adv. 58, 97, 192, 195 
laminated, Edit. 171; Adv. 167 


Plastics molding, Adv. 102 

Plugs, Adv. 102, 211, 213, 216 

Pneumatic equipment (see specific type) 

Potentiometers, Edit. 168, 189 

Powder metallurgy, Adv. inside front cov- 
er, 170 

Power supplies, Edit. 195 

Power transmissions, Adv. 162, 194 

hin © od also Sheaves), Edit. 163; 


hon, iydrate Edit. 166; Adv. 61, 81, 
61, 178, 220 
pneumatic, Adv. 182, 196, 210 


Reactors, Edit. 28 
Reducers, Adv. 162, 194, 199, 200, 


inside back cover 
Regulators, flow, Adv. 27, 35 
ra Edit. 169, 184, 210; Adv. 204, 


—_ Edit. 184; Adv. 5, 96, 146, 156, 


Resistors, Adv. 96 
Rheostats, Adv. 96 
Rubber, Edit. 148; Adv. 47, 58, 88, 203 


Screw machine parts, Adv. 38 

Sealants, Adv. 154 

Seals, Edit. 169, 176, 190; Adv. 2, 55, 220 
Shapes, special, Adv. 220 


Sheaves (see also Pulleys), Edit. 163; 
Adv. 190 


Shims, Adv. 152 

Small parts, Adv. inside front cover, 170 

Solenoids, Adv. 27, 70 

Springs, Edit. 148, 158; Adv. 80, 219 

Sprockets, Adv. 181 

Stampings, Adv. 211 

Starters, motor, Edit. 125 

Steel, Adv. 7, 11, 62, 83, 94, 98, 100 
stainless, Edit. 118; Adv. 179 

Switches, Edit. 158, 163; Adv. 31, 59, 78, 

96, 215 


Tape, Adv. 217 

Terminals, Adv. 164 

Testing, Adv. 157 

Thermal stresses, Edit. 126, 148 
Thermostats, Edit. 168 

bese Edit. 195; Adv. 5, 146, 156, 189, 


Tips and techniques, Edit. 117, 140 
Transistors, Edit. 180 

Trucks, Edit. 22 

Tubing, Adv. 32, 97, 192 


Universal joints, Adv. 154, 188 


Valves, hydraulic, Edit. 169, 174, 176, 190; 
Adv. 27, 35, 204, 218, 220, 224 


pneumatic, Edit. 176, 180, 184; Adv. 
207, 218, 220, 224 


Wire and wire products, Adv. 74 
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USE A YELLOW CARD 


for More Information 


CIRCLE ITEM NUMBERS—Throughout the magazine, each advertise- 
ment corries an Item Number for use in requesting further information. 
All product descriptions, announcements and Helpful Literature items are 
also numbered, and for greater convenience are indexed below by Item 
Numbers. 


EDITORIAL CLIPSHEETS—So you won't have to “clip” this issue, 
we'll be glad to send a personal copy of any article as long as the 
supply lasts. Just fill in the page number and title of article in the 
place provided on the Yellow Card. 








Index to New Parts & Helpful Literature 


BY ITEM NUMBERS 





HELPFUL LITERATURE—descriptions start on page 150 


Limit Switches ............sseeeree 


DC Motors 
Variable Speed Pulleys 
Quick-Release Fasteners Pancake Motor 
Rubber-Metal Products 
Turret Drill Coated Steel Tubing ..... 
Oils, Greases & Solvents 
Malleable Castings 
Temperature Sensing Units 
Electronic Components 
Ferromagnetic Materials 
Metal-Clad Switchgears 
Rotary Vibrator Motors 
Three-Way Valves 
Molybdenum in Steel Castings 
Recycling Timers 
Tracing Templates 
Precision Resistors 
Vinyl Epoxy Plasticizers 


NEW PARTS & ENGINEERING — descriptions start on page 158 


Machined Springs Directional-Control Valves 
Magnetically Actuated Switch Silicon Solar-Cell Modules 
Small-Motor Bases 


Nickel-Cadmium Cells eat Heavy-Duty Cylinders 
Miniature Clutches oda Quick-Connect Fitting 
Quick-Release Fastener ween Electric Motors 

Miniature Stepping Motor .... —_ Tubular Heating Element 
V-Belt Drive Switching Transistors 
Pushbutton Switch Control Valve 

Pillow-Block Bearings Cap Screws and Nuts 
Hydraulic Piston Pumps Subminiature Accelerometer 
Control-Rod Assembly Miniature Lamp Indicators 
High-Temperature Material Motor Alternator 

Miniature Locking Pins Relief Valve 

Miniature Potentiometer Mercury-Wetted Contact Relay 
Bearing Materials 

Miniature Thermostat 

Brake-Clutch 

O-Ring Seals 

In-Line Relief Valve 

Adjustable-Speed Drives 

Electrical Contact Rivets Caliper Beam Compass 
Plastic Laminate Automatic Copying Machine 
Strain-Relief Bushing Lettering Set 

Panel Meter Co-ordinate Drawing Machine 
Quick-Release Fastener Multicam Timer Kit 
Centrifugal Clutch Power Supplies 
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Only .250” THICK 
I I 


Real Sbin on “ Rapdien 


world’s thinnest radial ball bearing 


H=* a typical example of Kaydon’s Reali-Slim unique 
radial ball bearing that’s finding wide application in 
practically every industry. Reali-Slim are the world’s finest 
thin-section bearings and proportionately are thinner than 
a wedding ring. The bearing illustrated here is 12.000” I.D., 
12.500” O.D., .250” thick — weighs less than 8 ounces. De- 
signed for minimum weight and space limitations, it has a 
static load capacity of 5,520 lbs. and 894 lbs. at 100 rpm. 

If you’re looking for Reali-Slim, lightweight, radial ball 
or roller bearings, look at Kaydon’s Reali-Slim line. Besides 
hundreds of standard Reali-Slim designs, there’s a wide 


ae KAYUUN 


MUSKEGON+MICHIG: 





variety of special races, seals and separators to meet special 
bearing problems. What’s more Kaydon is able to produce 
these Reali-Slim, high-precision bearings because Kaydon 
specializes in the unusual. In addition, Kaydon bearing 
engineers are prepared to give you valuable help with tech- 
nical bearing application problems. 

For complete data on Reali-Slim bearings for standard or 
special applications, ask for engineering Catalog No. 54 RS. 


Reali-Slim Ball Bearings —— in Conrad, angular con- - 
tact, 4-point contact and other types are available in Ce 
seven standard cross sections from 250" to 1” and in 2 
bore diameters from 4” to 40”. 

Reali-Slim Roller Bearings — in radial or taper roller 

types are available in cross sections from %%" and in 


bore diameters from 5” to 40”. 
K-554 


ENGINEERING CORP. 





All types of ball and roller che — 4” bore to 178” outside diameter... 
Taper Roller ¢ Roller Thrust ¢ Roller Radial « Ball Radial ¢ Ball Thrust Bearings 
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Until now, slow operating speeds expected from off-highway 


vehicles have saved both men and machines from being shaken 


apart. Today, with the U. S. roadbuilding program gaining 


momentum, construction engineers are demanding a bigger day’s 


work from their equipment. They want scraper-loaders and off- 


highway trucks that will carry big payloads at 50 mph. Cushion 


mountings and flexible joints—low-cost protection against road 


shock anc vibration—offer one method of ... 


faming 
the 
rough 
riders 


By M. G. BECK 


Product Engineer 
Lord Manufacturing Co. 
Erie, Pa. 


AUTOMOBILE DESIGNERS are 
old pros at smoothing out rough 
roads. Soft suspension systems, plus 
flexible mountings for almost every- 
thing but the spare tire, practically 
eliminate road shock and vibration 
in the family car. Some of these 
ideas are beginning to show up on 


new, high-speed off-highway equip- 
ment. Resilient mountings for en- 
gines, radiators, scraper blades, and 
other components offer a simple, yet 
effective means for keeping the 
rough-riding vehicles in one piece. 

Traditionally, the designers of 
bulldozers, big-capacity trucks, and 
other earthmoving equipment have 
patterned their products along the 
lines of a solid block of steel. A stiff 
suspension system for wheels or 
tracks provides the oily built-in 
cushion for man and machine. A 
quick look at all types of off-high- 


MacHINnE DesIcN 





A little play in the right places 
cuts down maintenance, 
increases equipment life . . . 


Load-equalizer beam for crawl- 
er tractors is a brand-new 
application for bonded-rubber 
mountings. The low-cost bonded 
assembly replaces conventiona! 
leaf-spring equalizers to cushion 
shock loads and isolate vibra- 
tion. Mountings have desired 
vertical stiffness, but permit 
+8-deg oscillation of the 
beam. The assembly requires 
no lubrication or maintenance. 


SS 


SS. 


S 
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High-capacity torque-rod joints 
accommodate torsional and an- 
gular motion at torque-rod 
ends. The units withstand driv- 
ing and braking loads of more 
than 24,000 Ib and shock loads 
in excess of 25 tons. 


Rubber mountings for truck 

transfer cases withstand high 

torque-reaction loads, accom- 

modate chassis twist, and pre- 

vent transmission of high-fre- 

: 7 2 anna oaaa 

quency noise and vibration Ce < <a. 

! 1 | 


through frame to cab. Until y \ Utd we 
~ oe - 


now, suspensions were either so XN iN 
stiff that noise and vibration me |Z, I 
were readily transferred, or Y vase Y” Tr 
were too soft and distorted un- 

der drive-shaft push and torque. 


Flexible spring-eye joints will 
withstand 4500-Ib static radial 
loads. They need no lubrication 
and will outlast similar metal 


parts. 
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way equipment reveals limited use 
of flexible suspensions: 


e Encines: Rigid mounting is 
used in almost all vehicles. 


e@ TRANSFER Cases: Over 50 per 
cent of off-highway vehicles use 
rigid mountings or stiff suspensions, 
causing maintenance problems or 
excessive noise. Properly applied 
resilient mountings overcome these 
deficiencies without loss of stability. 


e Raptors: Only 50 per cent 
of both on and off-highway equip- 
ment use flexible mountings. Ac- 
cordingly, maintenance can become 
a major problem as vehicle speeds 
are increased. It should be noted 
that LeTourneau has used flexible 
radiator mountings for about 10 
years; Dart and Euclid for about 
5 years. 


e Fue. Tanxs: Few vehicles uti- 
lize flexible fuel-tank mountings. 


¢ InstruMENTS: Only hour me- 
ters are flexibly mounted in most 
equipment. Other instruments and/ 
or instrument panels are rigidly 
mounted. 


Instead of merely beefing-up 
frames, axles, and supports to with- 
stand the added stress of high-speed 
operation, the designers of off-high- 
way equipment are inserting re- 
silient mountings, wherever feasible, 
to reduce shock, vibration, and dis- 
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tortion. The hardware involved is 
relatively inexpensive, requires little 
space, and can be had with the 
right amount of bounce for almost 
any specific application. 


Flexible pivot joints... 


being introduced in off-highway 
equipment consist of an elastomeric 
element bonded to a tubular inner 
member. Radial capacity of the 
bonded assembly is twice that of 
an unbonded unit, and radial stiff- 
ness assures proper alignment be- 
tween connected parts. The joints 
have a soft torsional spring rate, 
permitting rotational deflection of 
+30 deg. Angular deflection ranges 
to -+7 deg. Since there is no metal- 
to-metal contact, the units need no 
lubrication and consistently outlast 
comparable metal parts. 


Flexible mountings . . . 


are being utilized to cushion 
heavy shock loads, absorb high-fre- 
quency vibration, and accommodate 
misalignment, distortion, and rela- 
tive motion without loss of stability. 
Their use often permits better over- 
all design, at less cost, than could 
possibly be achieved by other meth- 
ods. The mountings need no lubri- 
cation and give long, maintenance- 
free life. 


Rubber-cushioned tandem needs no 
lubrication. The load-distributing mech- 
anism uses 16 rubber mountings and 
joints to absorb shock and reduce fric- 
tion. Flexible pivot joints 1 and 4 are 
used at trunnion ends; 2 and 3 pro- 
vide a flexible joint between connect- 
ing-rod ends and load-equalizer rocker 
arms. Use of the bonded-rubber units 
provides an additional advantage: Less 
rigid tolerances are required in other 
components. The built-in flexibility 
readily fits space requirements in new 
and existing equipment, and is ex- 
pected to improve the performance of 
new off-highway trucks and trailers. 
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Clinching ring squeezes 
n opposite side. No sheet material arounc 
swaged rim projec olola eaiel el ia-20) shank 
securely locking Fdstener 
t 


HIGH TORQUE AND PUSH-OUT RESISTANCE 


... greatly in excess of assembly handling and 
screw torquing requirements, insure smooth, fast, 
uninterrupted fastening procedure. In service, under 
working load and vibration, torque and push-out 
resistance are not reliability factors, since the screw 
is always pulling the PEM Nut toward the sheet 
into which it is fastened. 


The smooth reverse side of the sheet, with no swaged 
rim projecting, permits flush-tight assembly with- 
out need for clearance hole in attached part. 


The 


ORIGINAL 


Self-Clinching Fastener 


Fifteen years ago Penn Engineering and Manufacturing 
Company introduced the self-clinching fastener, provid- 
ing load-bearing threads in a wide range of—steel, alu- 
minum, brass and copper sheets, ‘‘too thin to thread.” 


THE ANSWER TO PRODUCTION FASTENING 


This unique, exclusive design was immediately recognized 
as the answer to production fastening by leading manu- 
facturers of aircraft and missiles, automotive, electronic 
and communication equipment, business machines, farm 
machinery, electrical appliances, transportation equip- 
ment, vending machines, home appliances, etc. Stimu- 
lated the cost-conscious sheet metal assembly techniques 
utilized, today, by many of these manufacturers. 


INSTALLED BY A SQUEEZE With the Greatest of Ease 
(without special tools) 


Users tell us that—because the shank of PEM nuts acts 
as their own pilot . . . because, being round, they require 
no indexing . . . because they require no special tools... 
because several may be pressed into place in a single 
operation 


THEY SAVE THEIR COST MANY TIMES OVER 


...in time, labor and special equipment. That PEM 
nuts are one of the most profitable items in the assem- 
bly line. 


Today, PEM Self-Clinching Nuts are made in six types 
for sheet thicknesses from .032 and up—in steel (with 
various rust resistant finishes), stainless steel, monel 
and aluminum. Sizes range from #2 to 34"’. Also made 
as Blind Fasteners for pressure seal applications. 


For complete information, write for Bulletin No. CL356 
and sample for test. 


SIX TYPES OF PEM SELF-CLINCHING FASTENERS ANSWER MOST ALL REQUIREMENTS 


MONEL 














STEEL, $.S. and ALUMINUM STEEL (BLIND FASTENER) 








PENN ENGINEERING MANUFACTURING CORP. 
DOYLESTOWN + PENNSYLVANIA 
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Choppers Gang Up for Team Lift 


Teams of helicopter ‘“‘workhorses”—harnessed for a group 
lift by aluminum spreaders—are being groomed for Army 
heavy work by Vertol Aircraft Corp. Purpose of the ‘‘mul- 
tiple helicopter heavy-lift system’ is to speed up delivery 
of military vehicles to forward combat areas. Test flights 
by Vertol have been carried out so far with a pair of heli- 
copters and one spreader (top). Each spreader weighs 400 
lb and is long enough (113 ft) to give ample air space to 
each helicopter in the hitch. Later work will explore prob- 
lems with three and four choppers (right). Careful work 
by all pilots working in a lift is, of course, an essential, 
and all crews will be in constant radio contact. Changes 
in speed, heading, and altitude are to be co-ordinated by 
a command pilot. In the event of an emergency, any pilot 
in the team can uncouple himself and all team members 
by means of an electrical release system. Advantages of 
the gang-lift system over special-purpose ‘‘flying cranes"’ is 
said to be significant: After a team organized for a lift 
by an Army commander has completed its job, all helicop- 
ters resume normal combat-area roles. 


. 
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Specialization Is Key Factor 
In Soviet Engineering Colleges 


160 Degrees Offered, Quality 


Impresses U. S. Observers 


Engineering education in Russia 
is of sound quality and highly spe- 
cialized nature. This was the major 
observation of an eight-man mission 
of prominent U.S. engineering edu- 
cators who returned recently from 
three weeks of study and inspection 
in the Soviet Union. 

The mission was sponsored by the 
American Society for Engineering 
Education and the National Science 
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Foundation, with the co-operation 
of Engineers Council for Profes- 
sional Development. Its chairman 
was Dr. Frederick C. Lindvall, Cali- 
fornia Institute of Technology. 
Members of the delegation visited 
25 teaching and research institu- 
tions in Moscow, Leningrad, Kuiby- 
shev and Frunze. 

According to the delegates, Soviet 
engineering education is narrowly 
specialized and prepares students to 
be immediately useful to industry 
with a minimum of additional 
training. This approach divides 
the engineering profession into 
some 160 separate specialties. Me- 





chanical engineer - automobile de- 
signer and mechanical engineer-au- 
tomobile maintenance, are typical 
specialties. Less than 20 fields are 
accredited in the U. S., with the 
great majority of students enrolled 
in about five fields. 

Obtaining an engineering degree 
in Russian requires about five years. 
The first two years are broadly 
based on mathematics and science. 
But from the day of his matricula- 
tion the student pursues a specialty. 
Problems in all major subjects are 
selected to emphasize their applica- 
tion to his field. 

The last three years consist of in- 
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creasingly specific courses, often 
built around design projects, indus- 
trial practice, and an elaborate dip- 
loma project requiring one semes- 
ter of full-time work. These projects 
involve extensive detailed drawing 
and are intended to acquaint the 
student both with principles and 
prevailing practices in his specialty. 

The young Soviet engineers are 
well grounded, and their best men 
are as good as any in the world. 
However, it appears to the delega- 
tion that many must be limited in 
their outlook since they know little 
engineering outside their own nar- 
row field. 

The delegation also noted that 
nowhere is the engineer and scien- 
tists held in higher regard than in 
the U.S.S.R. Engineering students 
and practicing engineers are exempt 
from military service and are among 
the aristocracy of Soviet society. 
There is, naturally, strong motiva- 
tion and social pressure to aspire 
to such careers. 

A motivation factor not to be un- 
derestimated is the strong devotion 
to a system that greatly encourages 
education. Those who qualify for 
admission to an institution of higher 
learning need not be concerned be- 
cause of a lack of financial resources. 


Wafer Replaces Speaker Magnet 


Heavy iron-core magnet and voice coil 
of conventional loudspeakers are re- 
placed by a thin disc at the apex of 
the speaker cone in this experimental 
speaker developed by Mullenbach Div., 
Electric Machinery Mfg. Co., Los An- 


geles. Two electrostrictive barium ti- 
tanate wafers sandwiching a 11/2-in. 
diam titanium diaphragm make up the 
disc. Cupping of disc due to electro- 
strictive action of the wafers drives 
the speaker cone. Other applications 
for the transducers include nonmagnet- 
ic switches, rapid-acting relays in com- 
puters and compact metering manom- 
eters (MD, Dec. 11, 1958, p. 12). 
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CONSIDER THE 
VITAL HYDRAULIC 


C-ZONE 
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MORE USABLE HYDRAULIC POWER 


Waterman Vaives 
and Accessories 
for Hydraulic Systems 


ct 


Flow Regulators 


fi 


Solenoid Valves 


C3 


Filters 


etGGe) 


Check Valves 


c_) 


Pilot Checks 


WHEN THE ( CONTROL ZONE 
IS WATERMAN 


When you specify components for hydraulic systems—either 
mobile or stationary—give a second thought to the vital ele- 
ments of the Control Zone. When you write in Waterman 
for DC or AC solenoid valves (like the %” No. 314 shown 
above), you specify many extra values that no other valves 
can give: Pilot operation, for wider valve opening, lower 
pressure drop, less power consumption; operating pressures 
up to 3000 p.s.i. with high-strength aluminum alloy bodies; 
easier installation; complete accessibility of all working parts; 
continuous-duty solenoids with modern plug-in connectors; 
fast, positive valve action. Every Waterman valve is factory- 
tested before shipment. And yet all this extra value costs you 
no more. Specify Waterman—and be right . . . from the start. 


Waterman representatives are in all principal cities. 
Write for Waterman Solenoid Vaive Catalog No. 2000, 
and for Waterman Flow Regulator Catalog No. 1000. 
Also suppliers of AN and MS qualified flow regulators and fuses. 
Waterman Engineering Company, 725 Custer Ave., Evanston, Illinois 


= |} @ 7 7 pames 
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Neutrons for sale 


Neutrons by the trillion will soon go on sale 
at this sprawling atomic plant near Waltz Mill, 
Pa. To interested customers, the tongue-in- 
cheek price for a neutron is quoted at about 
$10°°° each. Dubbed WTR (for Westinghouse 


@) Reactor vapor container 
@) Reoctor annex building 

® Reactor service building 

@) Process building 

@) Primary coolant head tank 
©) Cooling tower 

(©) Cooling - water pump house 
@) Truck lock 








Testing Reactor), the $10 million research tool 
will be the first materials-testing reactor not 
owned by AEC. WTR’s biggest task is to help 
Westinghouse and its neutron ‘customers’ 
find the way to economical nuclear power. 
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Heart of the Westinghouse Testing Reactor will be this 44-in. diam core structure, 
here shown under test at the Critical Experiment Station in Waltz Mill. In ‘‘critical 

operation since June, the active core is nominally loaded with 60 or more U-235 
enriched fuel elements assembled in three concentric cylinders. Rising above the 
core are extensions on control rods that govern rate of nuclear reaction. The 
test program now underway gives Westinghouse scientists a practical check on 


theory that went into the WYR design. 


AN ATOM-AGE QUIP is making 
the rounds at Westinghouse’s new 
materials-testing reactor. Referring 
to an estimated 1.5 million tons of 
coal under the 850-acre Waltz Mill 
property, WTR scientists say that 
it’s their “basic asset,” one not to 
be touched until usefulness and 
worth of the fossil fuel are rediscov- 
ered in years to come. 

But in the meantime, WTR will 


work hard at its primary job of 
solving fuel and material problems 
which must be solved if economic 
nuclear power is to become a reality. 
Before WTR, there were only three 
testing reactors in this country: The 
Materials Testing Reactor (MTR), 
the Engineering Testing Reactor 
(ETR), and the Oak Ridge Re- 
search Reactor (ORR). All three 
are owned by the Atomic Energy 
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Housing the 44-in. diam core of WTR is 
a mammoth 85-ft high, all-steel vapor 
container (top). When the reactor is in 
operation, air in the container will be 
changed once every four minutes. Any 
leakage will be inward, since air pres- 
sure in the container will be slightly 
lower than atmospheric. Photographed 
from the inside ceiling of the vapor 
container, the reactor pressure vessel 
(bottom photo), soon to be water 
flooded under a 240-ft head, is shown 
being tilted to an upright position. 
High-density concrete shielding, 71/2 ft 
thick, will protect personnel from in- 
tense radiation generated by the re- 
actor core. 


Cutie-Pie—a radiation monitoring in- 
strument—is here being used at WREC 
to measure radioactivity of one of the 
3000 fuel rods in a core like that de- 
signed for the Yankee Atomic Electric 
Co. nuclear-reactor plant. WREC, the 
Westinghouse Reactor Evaluation Cen- 
ter, is another facility for atomic re- 
search at the Waltz Mill tract 
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Commission. 

According to E. T. Morris, man- 
ager of WTR, “The AEC has re- 
peatedly stated the need for addi- 
tional research and testing reactors, 
and have urged private industry to 
build them.” Besides solving its own 
problems, Westinghouse plans to fill 
the demand from industry for test- 
ing-reactor space not available in 
government units. 

Early work is cut out for WTR. 
Characteristics of the many types 
and forms of nuclear fuel must be 
determined, particularly their sta- 
bility in relation to allowable burn- 
up and the temperature at which 
burnup occurs. “In general, the 
higher the burnup and the higher 
the burnup temperature, the lower 
the cost per unit of power,” says 
Mr. Morris. 

The in-pile irradiation facilities 
at WTR will also give insight into 
problems such as_ embrittlement, 
cracking, and corrosion associated 
with reactor structural and control 
materials that are subjected to high 


neutron fluxes and temperatures. 

At the center of WHR’s 7-acre 
complex of laboratories and support 
buildings is the 20-megawatt (ther- 
mal) reactor. Moderated by ordinary 
water, the reactor is cooled by wa- 
ter flowing at a 13,660 gpm rate 
from a head tank, towering 240 ft 
over the site. Water enters the re- 
actor pressure vessel at 115 F and 
leaves at 125 F. Should the demand 
arise, reactor power level can be 
raised to 60 megawatts with minor 
modification to buildings and equip- 
ment. 

Prominent feature at the site is 
the all-steel vapor shell, 85 ft high 
by 70 ft in diameter, that surrounds 
the reactor pressure vessel WTR 
is unique in having a water-filled 
canal—100 ft long and 18 ft deep— 
to provide a continuously shielded 
connection between the reactor it- 
self and three hot-laboratory caves 
where irradiated specimens can be 
examined. The canal contains a 
power-driven carriage to permit 
movement of experimental material, 





EL] MICR 0 SWITCH Precision Switches 


18 PA1 Terminal Enciosure 
—is common to all 

actuator assemblies in 

the ‘‘200LS”’ series. 

Can be mounted from 


front, back or 
either side. 





Actuator plugs into terminal enclosure 
—contains all moving mechanical 
and electrical parts. 


“Plug-in Limit’? Switch 
cuts costiy downtime 


Compact sealed enclosures 
with choice of 6 actuators 
meet wide range of industry needs 


Here’s a precision limit switch 
that can be replaced complete in 
20 seconds! Downtime is all but 
eliminated! 


The switch enclosure of this new 
“Plug-in Limit” switch, in any of 
six actuator styles, plugs into the 
terminal enclosure like a radio 
tube .. . is precisely positioned by 
dowel pins and secured by two 
No. 10 screws. Together, the t:.vo 
parts form a complete unit, sealed 
against oil, water, dirt and dust. 


The “Plug-in Limit”’ is two-circuit 
double throw. Electrical rating is 
10 amps. 120, 240, 480 vac; % 
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H.P. 120 vac; 1 H.P. 240 vac; 0.8 
amp. 115 vde; 0.4 amp. 230 vde; 
0.1 amp. 550 vde. Pilot duty rat- 
ing is 600 vac max. Meets NEMA 
Industrial Control Standards. 


For details of the ‘‘200LS”’ series, 
write or call the MICRO SWITCH 
branch office near you, or send for 
Catalog 84. 


_ 
MICRO SWITCH...FREEPORT, ILLINOIS 
A division of Honeywell 
In Canada: Honeywell Contruls, Ltd., 
Toronto 17, Ont. 


HONEYWELL 


201LS3 Adjust- 
able Arm Rotary 
Actuator—roller 
lever arm is 
adjustable to an 
point in a 2% ‘taal 
range. Head 
assembly can be 
positioned to any of 4 sides of switch. 
Actuating direction and operating 
point are adjustable. 


208LS1 Coil Spring 
Actuator —flexible 
spring actuator for 
multi-direction 
operating motion 


201LS10 Rod 
Actuator— 
provides light 
actuating force. 
See adjustability 
details under 
201LS1 below 


205LS1 Roller 
PilungerActuator 
—adjustable at 
90° angles 


202LS1 Push 
Plunger Actuator 
—for in-line 
actuating motion 


a 201LS1 Rotlier Arm Ac- 
e) tuator—field adjustable 
— for actuation 

clockwise, 
counter-clockwise, 
or in both directions. 
Arm is adjustable 
through 360°. Head 
can be faced in any 
of four directions. 


Honeywell 


MICRO SWITCH PRECISION SWITCHES 
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FLEX\BLE 


TUBING 


FOR: EVERY APPLICATION 
.PRODUCT...PURPOSE 


By 
@3 


PENFLEX 


interlocked, corrugated . . 
braided, plain or rubber covered 

. copper, steel, brass or stain- 
less steel . . . from Ye" to 24” 
1.D. Penflex makes all types and 
sizes for all applications and op- 
erating conditions. 


Penflex Flexible Metallic Tubing is 
made for rugged, long lasting 
service. It defies heat, abrasion, 
crushing . . . will convey every- 
thing from semi-solids to the light- 
est volatiie. Get full information. 
Write . . . Pennsylvania Flexible 
Metallic Tubing Co., Inc., 7239 
Powers Lane, Philadelphia 42, Pa. 


DATA BOOK 


Get your 
free copy. 


PENFLEX 


TIGHT ASA PIPE BUT. 
FLEXIOCE 
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spent fuel elements, etc., along its 
full length. 

In-pile irradiation space at WTR 
is 5500 linear inches of I-in. to 2!/- 
in. diam holes, with provision for 
one 6.5-in. diam hole. Five rabbit 
tubes allow short-term exposure of 
materials for periods less than the 
normal 25-day reactor cycle. The 
in-pile space will accommodate ex- 
periments in environments up to 
2000 psi, 625 F, and 10'* neutrons 
per sq cm per sec. 

Available free of charge to re- 
search or study programs wholly 
| financed by colleges or universities 
| are 3000 cu in. of irradiation space 





Calif., two weeks ahead of schedule. 





| Mach 0.9 Airliner Beats Schedule 


Convair’s 615-mph, medium-range jet airliner rolls off the line in San Diego, 
Four engines, which are commercial ver- 
| sions of the GE J-47, give the 880 a ceiling of 40,000 ft and a range of 3250 


in the flux range of 10** to 10° 
neutrons per sq cm per sec. West- 
inghouse will also offer co-operative 
summer programs for nuclear study 
to college faculty members. 

Besides WTR itself, two addi- 
tional facilities for pre-irradiation 
and post-irradiation testing of fuels 
and materials will be available at 
Waltz Mill. The first—the West- 
inghouse Reactor Evaluation Center 
(WREC) —was first used for experi- 
ments with the core of the Yankee 
Electric Co. reactor and is now being 
used for the Belgian Thermal Re- 
actor experiments. The second — 
the Critical Experiments Station 
(CRS)—is now used for WTR ex- 


periments. 








| miles when carrying 88 passengers. After exhaustive ground tests, the 178,500- 
| Ib airliner will make its maiden flight in six to eight weeks carrying ballast tanks 


| and instruments. 


Pocket Radio-phone OK for 
ivilian Small Talk 


New Yorx — “Citizens’ band” of 
frequencies, recently designated by 
FCC for nontechnical civilian com- 
munication, is used by a compact 
two-way radio developed by RCA. 
Personal conversations are permit- 
ted, and the operator needs only an 
easily secured license. Aside from 
licensing requirements, the phone 





Delivery to airlines is expected about next November. 


differs from an earlier announced 
RCA police radio in being easier to 
operate and less expensive. 

Radio-phone weighs less than 10 
lb.; it operates from 6 or 12 v bat- 
teries, or from a standard 115-v ac 
power source. Set measures 9 in. 
high by 7 in. wide by 5 in. deep. 
Small-boat enthusiasts, hunters, 
farmers, and drivers are expected 
to find use for the unit. Price: 
about $100. 
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Now Rotary Torque Actuation, fully cushioned! 


CART 


ROTARY TORQUE _~<l 


yen 107-0 fe) -: , 
oT 
Patents Pending | r ; CaP 


Photocell Peeks Around Corners 


A pliable, selenium-based photocell 
bends around to spot light changes in 
that hard-to-get-at corner. Developer, 
International Rectifier Corp., El Se- 
gundo, Calif., suggests uses as non- 
linear function generators (photo-sen- 
sitive cam), or position-control servos 
(cell mounted on a shaft). The cell also 
offers more flexibility in design of 
burglar-alarm components, door open- 
ers, cameras, and automatic equip- 
ment where photocell units are housed. 
It can be molded to almost any 
shape as long as a minimum radius 
of curvature of 1 in. is observed. 





Pneumatic 
or Hydraulic 


Explore the cost reduction 
you can get with safe, low-cost, Carter Rotary 
Torque Actuators —Now with built-in cushions 
for longer, more dependable performance. 


Integrator Prints Digital Sums 


Area summation under strip-chart re- 
corder plots are printed out automati- 
cally by a digital integrator developed 
by Perkin-Elmer Corp., Norwalk, Conn. 
Printer actuates whenever recorder pen 
reverses direction (max or min). In- 
tegrals are printed on adding-machine 
tape traveling at the same speed as 
the plot chart; tape and chart records 
may be laid side by side for compari- 
son. Area under any curve segment 
may be obtained by subtracting suc- 
cessive integrals corresponding to the 
beginning and end of that segment. 
At a chart speed of 1/2 in. per min, 
the integrator makes 1263 counts per 
square inch of chart. Manufacturers of 
the integrator foresee its use in con- 
tinuous-process weighing, integration of 
rocket thrust, and stress-strain curves. 
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No by-pass leakage 


Built-in cushions 


Rotation<to 370° as 
Tielaleleiae| 


Positive locking, no 
back-off under ten- 
sion or power failure 


Completd range of 
sizes 


SEND FOR NEW 
BULLETIN 


Bulletin R.A. 500 gives 
complete details and 
specifications on the 
Carter Rotary Torque 
Actuators. Every en 
gineer and designer 
should have a copy 
Send for yours today! 


Proven in thousands of applica- 
tions during the past 4 years! 


The Carter Rotary Torque Actuator 
has opened unlimited new possibili- 
ties in design and cost reduction. 
Transfer mechanisms, indexing, posi- 
tioning, cam actions, valve operation, 
and many other applications become 
more effective and economical. 


Here is safe, powerful, Rotary Torque. 
Actuated by air, oil, water or gas. 
Patented seal assures leakproof per- 
formance. Internal helical design 
prevents back-off under reverse ten- 
sion, shock, vibration or complete 
power failure. 


Available in 4, 5, 6, 8, 10 and 12” dia- 
meters. Special sizes and rotation 
requirements are available. Ask your 
Carter representative or write for all 
the details! 

Complete power package 


units available 


SAU 


CONTROLS, INCORPORATED 
2914 Bernice Zoad, Lansing, iil. 


Phones: Lansing - GRanite 4-3305+Chicago—BAyport 1.7186 
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» MORE 
HOLDING 
POWER AT 
LESS COST 


WITH 


SETKO 


“SLABBED HEAD 
with NU-CUP Point” 
Set Screws! 


Setko Slabbed Head 
Set Screws are real 
money savers. They 
cost less than com- 
parable hexagon or 
fluted socket set 
screws, yet they take 
greater tightening 
pressures...Up to 
50% more torque 
without damaging. 

Holding power can 


Wii, 
wo-cur Ze 








be even further in- 
creased when furnished with Setko’s own 
NU-CUP, the patented holding cup point 
that has a 42% sharper cutting angle. Cuts 
are deeper and in a full circle. 


CUT COSTS 
EVEN MORE 
with SETKO 
HOPPER FEEDING! 


Now is the time to cash in on 
Setko's advanced method of 
hopper feeding...You get faster 
insertion rates over manual feed- 
ing — almost double... Better 
insertions, uniform driving pres- 
sure, better quality control. Less 
expensive, less labor is needed 
... And, fioor loss is eliminated. 





SEND FOR FREE 


SELECTOR CHART 
of Self-Locking Set Screws 


Shows how and where to use 





| 
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Plastic Beads, Aluminum Sheet 
Form Strong, Lightweight Panel 


Weight Saving in a Typical 
Refrigerator: 150 Ib 


PirtssuRGH —A_ remarkable new 
panel material, made of aluminum 
sheet and foamed plastic beads, of- 
fers design simplicity, light weight, 
high strength, efficient insulation, 
and economical workability all 
wrapped up in one package. De- 
veloped by Aluminum Co. of Amer- 
ica, and called Alply, the unique 
material is already being used in 
new Westinghouse refrigerators. 
Alply’s core material consists of 
expandable polystyrene beads. The 
beads form a white, opaque, and 
odorless foam material which has 
no food value for plant or animal 
life, and is nontoxic and self-extin- 


guishing. The aluminum skin is 
bonded to the core with an odor- 
less rubber adhesive. 

Finish possibilities for the skin 
are almost limitless. It can be tex- 
tured, formed, and colored by a 
variety of methods. 

Versatility of the panel is further 
enhanced through the use of fac- 
ing materials other than aluminum. 
Skin possibilities include plywood, 
asbestos board, and hardboard. 

Possible uses for the new mate- 
rial appear to be limited only by 
the imagination—and so far its ad- 
vantages are significant. The West- 
inghouse refrigerators, for example, 
are said to be lighter and more ef- 
ficient than any current models. 
They promise drastic cost reduc- 
tions when fabricated on produc- 
tion-line basis. Use of the panel has 
required only simple production 
tooling, permitting unusual flexi- 
bility in refrigerator design. 





Building a refrigerator cabinet is about as simple as cutting out paper dolls 
with a new aluminum-plastic panel developed by Alcoa. Top-side-bottom-side 
panels are first cut to the proper rectangular shapes, then mitered and notched 
with a high-speed radial-arm saw. Hole drilling and routing are easily done 
with hand tools. Panels are then folded at the miters, and polyurethane foam 
is applied to joints. Final assembly begins by fastening extruded aluminum 
frame pieces to the face of the cabinet. Since tooling costs are cut drastically, 
short-run production of limited-edition refrigerators becomes economically fea- 
sible, and design obsolescence is almost a practical reality. 


over 1,001 combinations of par- 
ticular applications. 

Write today for full information 
and prices. Ask for catalog 23. 


U. 8. Pat. No, 2,778,265 
vps Other Patents Pending 


; crevy 
<< & DAtg.Co. 


28 Main Street, Bartlett, Illinois 
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NEW 


precision 


FLOW 
CONTROL 


at 





ol gexe heron anova) 
prices — 


MULTI-RANGE 
FLOW CONTROL 


@ extra-sensitive flow control adjustment for precise flow settings 


@ temperature-viscosity compensated...no change in selected flow rate 


@ important exclusive design features now in all 3 sizes...%’—%’—%" 


BUILT-IN 
SAFETY STOP 


OPERATES IN 
ANY POSITION ig 


N 
—_" 
Sa 
4, 


ey 


S =\e 


% 


FLOW RATE SCALE 


CF 
a) pa 


} \ "—~ COMPENSATOR ELEMENT 

=F | VARIABLE METERING ORIFICE 
FLOW SELECTION LOCK 
REQUIRES NO EXTERNAL DRAIN 


SUBPLATE MOUNTED 


EXCLUSIVE WITH DENISON 


Infinitely Variable Control 


[ t 
ipa y 


exact 


Here’s how to solve the problems of precise speed control...and uniform 
feed rate—for optimum precision work finish and cutter life for modern 


machine tool requirements. 


With Denison’s new Multi-Range Flow Control, you can count on these 
important exclusive design features and advantages... all pioneered through 


Denison advanced engineering — 


PRECISE FLOW SELECTION is provided 
through a new, extra-sensitive control with 
an exceptionally wide range of adjustment 
in any given range. 


MULTI-RANGE CONTROL— one model does 
the work of many to simplify inventory. 
Adjustments from range to range are 
simple, safe, foolproof — guarded by stops. 


UNIFORM RATE OF FLOW is assured because 
Multi-Range Flow Control is virtually free 
from flow change due to temperature- 
viscosity changes. 


FLOW SURGE OVERTRAVEL VIRTUALLY 
ELIMINATED— by simple adjustment —to 
avoid erratic feed of slides as the valve 
finds its setting. 

BUILT-IN RELIEF VALVE saves space . . . simpli- 
fies circuits ...may be remotely controlled. 
BUILT-IN CHECK VALVE permits reverse free 
flow. 

PRODUCTION PRICED . . . and built to JIC 
Standards for operating pressures to 2000 
psi. Available in 2-port and 3-port types. 


DENISON ENGINEERING DIVISION 
American Brake Shoe Co. 


1240 Dublin Road 
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Columbus 16, Ohio 
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1 give range ¢t 


MACHINERY DESIGNERS! 
ENGINEERS! 


Write for full 
details and 
specifications 
in Bulletins 
VFC-3 and 
143-A. 


Denison, Denison HydrO!Lics and Multi-Range are 
registered trademarks of Denison Eng. Div.. ABSCO 


DENISO 
dnOllica 


HYDRAULIC PRESSES * PUMPS * MOTORS + CONTROLS 
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SPECIFIC PACKINGS 
FOR ALL CORROSIVE SERVICES 


Teflon multi-filament 
yarn, no 


Ti tape impregnated 
Tiger rf resistant 
ubricant 


Teflon tape impregnated Teflon tape lubricated 
with lubricant suitable for with special non-harden- 
nitrating acid service. ing, non-melting lubricant. 


Specific service conditions are always best handled with a packing de- 
signed for the purpose. This is especially true when it comes to hard-to- 
handle liquids in pumps, valves, agitators, mixers, plating equipment and 
similar applications. 
For this reason John Crane has developed 15 individual field-proved types 
of Chemlon Braided Packings. Within this line there is a type and style 
that will meet any combination of service conditions and requirements. 

1. All known industrial acids, alkalis or solvents. 

2. Temperatures from —120°F to +600°F. 

3. High or low shaft speeds, also valve stems. 

4. Longer packing life due to lower coefficient of friction and 

non-raveling construction. 


Send in your service condition and we will recommend a Chemlon Braided 
Packing best suited to your application. Request Bulletin P-325. 


Crane Packing Co., 6425 Oakton St., Morton Grove, Ill.(Chicago Suburb). 
In Canada: Crane Packing Co., Ltd., Hamilton, Ont. 


tT. M. for DuPont Teflon *T. M. for the Best in DuPont Teflon 


» Bs ihe A=} 
) ) S77 
MECHANICAL PACKINGS SHAFT SEALS TEFLON ae LAPPING MACHINES THREAD COMPOUNDS 


CRANE PACKING COMPANY 
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Public Up in the Air 
About Satellites’ Purpose 


Wasuincton, D. C.—Six months 
after the launching of Sputnik I, 
half the American public thought 
of satellites in terms of scientific 
achievement or competition with 
Russia. One-fifth viewed them in 
the light of future possibilities such 


_ as space platforms or trips to the 


moon, and one-third had only a 
vague idea, misinformation, or no 
idea of their purpose. 

These findings are the result of 
interviews with a group of 1900 
adults prior to Sputnik I and an- 
other group of 1500 in the spring 
of 1958. The study was conducted 
by the University of Michizan Sur- 
vey Research Center for the Na- 
tional Association of Science Writ- 
ers and New York University. In- 
terviewees were asked, “From what 
you’ve heard, what is the purpose 
of launching these satellites?” Re- 
plies were classified as follows: 


Before After 
Satellite Purpose Sputnik Sputnik 


Scientific: 
Detailed information 12% 
General information 8 
Competition with Russia 1 
Future possibilities 
Heard something, vague 14 
Misinformati‘sr: 
Heard nothing 
Not ascertained 


Educational background was 
found to be related to awareness 
and knowledge of satellites. Mis- 
information, however, was present 
at all levels. One interviewee—per- 
haps more mischievous than mis- 
informed—said he thought the pur- 
pose of satellite research is to send 
foreign aid to the moon. 


Army Wants Weapons Now 


Wasuincton, D. C.—To get weap- 
ons off the drawing boards and into 
the hands of troops faster, the De- 
partment of the Army is looking cri- 
tically at its development procedures. 
New regulation AR 705-5 is aimed 
at cutting time by revising existing 
techniques in these areas: 

e Establishment of military char- 
acteristics 

e Assignment of priorities 


MAcHINE DegsIGN 
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© Testing sequence (overlapping 
or combining tests) 


a 
® Use of standard commercial There '§ 
parts 


© Communications and visits on 
R and D matters 


+ 
Today’s rapidly accelerating pace of | we B t 1) 
scientific achievement and the com- on y BS @ar es: i 
petitive position of Russian technol- SS SS ee 

ogy combine to make imperative the 
streamlining of the military devel- . -- 
opment program according to Gen- or eac app ICa ion 
eral Arthur G. Trudeau, Chief of | 

Army Research and Development. | 

“No step is sacrosanct or immune 

to improvement,” says General Tru- 

deau. 





... and SIER-BATH manufactures it 
Meetings — into your gears | 


AND EXPOSITIONS 

Sier-Bath serves you with the best gear 
design, engineering and manufacturing 
service. You get free engineering con- 
sultation and the finest gears to meet the 
increased requirements of tomorrow. 


Society of the Plastics Industry 
Inc. Fourteenth Reinforced Plastics | Y 
Conference to be held at the Edge- ' SP ; Sier-Bath designed and manufactured 


water Beach Hotel, Chicago. Addi- | = ‘ a, gears give you the same operating ad- 
tional information is available from | vantages that have brought leadership 


SPI headquarters, 250 Park Ave., “Say to many other machinery manufacturers. 
New York 17, N. Y. 





Feb. 15-19— ° " 
American Institute of Mining, Sier-Bath continues to 


Metallurgical, and Petroleum Engi- ; give you 
neers. Annual Meeting to be held A @ PRECISION CROWN-GROUND 


at the St. Francis Hotel, San Fran- y 
cisco. Further information is avail- | 3 SPUR AND HELICAL GEARS 
able from AIME headquarters, 29 | OS = to 12” diameter, 4 pitch 

W. 39th St., New York 18, N. Y. : 











Feb. 26-March 1— , Snctent 
Third Annual Engineering Ex- Send us your gear prints or specs for study 


position to be held at the Electric and quotation—or have a Sier-Bath gear 
Bldg., Balboa Park, San Diego g specialist call to discuss the steps that 


Calif. Exposition is sponsored by will make us your ideal gear department. 


28 technical societies, including | 
American Institute of Electrical En- | All kinds of gears—all materials. 


gineers, American Rocket Society, mag eens ene tooth. 
maxim 


American Society of Mechanical be 

J | on 12 or more of u kind, dependi i 
Engineers, Institute of Radio En- Sier-Bath 7 coe recwalape 
gineers, Society of Automotive En- Sier-Bath GEAR « PUMP CO., Inc. 


gineers, and Society for Experi- Pp R - C i S wed. 9237 HUDSON BOULEVARD NORTH BERGEN, N. J 
mental Stress Analysis. Further in- Members A.G.M.A. 
formation is available from D. H. 
Stewart, Chairman, Special Projects 
Committee, 422 Land Title Bldg., 
San Diego 1, Calif. Also manufacturers of Rotary | 

(Please turn to Page 40) | Pumps and Flexible Gear Couplings 
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What 
the 


designer 


conceives... 
aluminum 


achieves ! 





alls 














Aluminum screw machine knobs — 
economical and versatile for your high 
quality products — offer designers in- 
finite control panel styling possibilities 
both for shape and for color. 


In finished shapes such as the ex- 


amples shown, aluminum gives sharp, @ 


clean lines... unusually fine “as ma- 


chined” finish... plus the quality feel 


of soli+ metal. Low tooling cost, par- j 


ticularly as compared to die casting or 


stamping dies, adds not only initial econ- § 


omy but model-change versatility as well. 

And for the brilliant beauty of any 
color, these knobs take permanent finish 
by one-step anodizing — usually at far 
less cost than chrome plating or similar 
plated surfaces. Aluminum offers still 
more useful properties, such as light 
weight with high strength, corrosion 
resistance, non-sparking and non- 
magnetic qualities. 

If you would like design details for 
the parts shown here, complete with 
cost and production data, please send 
in the coupon below. 

(Kaiser Aluminum does not manufac- 
ture screw machine parts, but does offer 
technical assistance to parts suppliers 
throughout the country. Contact your 
local screw machine products manufac- 
turer for further information and quota- 


tions on specific parts in aluminum.) 


Kaiser 
ALUMINUM 


THE BRIGHT STAR OF METALS 





Show us how we may best serve you... 
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(Continued from Page 37) 


WHERE CAN YOU USE a 
ee aan ar " 
CERAMIC MAGNETS? scapes ts tent se oo tellers 


Hotel, San Francisco. Institute of 
The remarkable permanence of Stackpole Ceramagnet Permanent Radio Engineers, American Insti- 
Magnets is, of course, a main reason for their use. (Ceramic mag- tute of Electrical Engineers, and the 
nets have the highest coercive force of any commercially used mag- Association for Computing Machin- 
net materials!) There are, however, many other reasons of almost | ery are sponsors. Additional infor- 
equal importance as outlined in the following table. mation can be obtained from Rich- 


ard W. Melville, Stanford Research 
Institute, Menlo Park, Calif. 











“Se RS SRE mena 


APPLICATIONS CERAMAGNET ADVANTAGES = March 9-10— 
Steel Founders’ Socicty of Amer- 
ica. Annual Meeting to be held at 


MECHANICAL (Holding) ES , the Drake Hotel, Chicago. Addi- 
Ge ‘ | tional information is available from 


society headquarters, 606 Terminal 


Such as LATCHES, DOOR CLOSERS, Maximum permanency .. . Availability because of non-criti- | d : 
TOYS. NOVELTIES. COUPLINGS. CON- cal materials . . . Can be magnetized before or after assem- | Tower, Cleveland 13, Ohio. 
’ ’ . bly .. . Keepers or pole pieces not needed. . . Full energy 


VEYORS, SEALS, HOLDING ASSEM- usable without auxiliary leakage gaps . . . Maximum economy 
March 11-13— 
BLIES AND FIXTURES, and others in large sizes or odd shapes . . . Inert to most chemicals - : 
‘ : and gases . . . Provides greater pull from a distance. Pressed Metal Institute. Spring 


Technical Meeting to be held at the 
Pick-Congress Hotel, Chicago. Fur- 


ther information can be obtained 
MECHANICAL (Dynamic) & PM FIELDS Y/ from PMI headquarters, 3673 Lee 
= Rd., Cleveland 20, Ohio. 


Such as MAGNETIC DRIVES, RELAYS, High coercive force . . . May have up to 8 poles on a face March 31-April 2— 
(avoids need for costly unusual shapes) . . . Stronger, more arc -Aprl 
D-C MOTOR FIELDS, ROTORS, MAG- permanent driving torques . . . Lighter weight . Permit 21st American Power Conference 
NETOS, SMALL GENERATORS, PHONO use of shorter, more favorable “shapes ears Magnetizing be- hel he Hotel Sh 
PICK-UPS, CIRCUIT BREAKERS . .. and fore assembly eliminates complicated fixtures . . . No per- to be held at the ote erman, 
’, — manen’ energy loss from air gap changes... Can be used | Chicago. Conference is sponsored 


similar equipment. in strong magnetic fields . . . Low cost in odd shapes. by Illinois Institute of Technology, 

in co-operation with 9 technical so- 

cieties and 13 other educational in- 

re stitutions. Additional information 

ELECTRONIC and POLARIZING can be obtained from R. A. Buden- 

2 holzer, Mechanical Engineering 

_ Dept., Illinois Institute of Tech- 

Such as MAGNETIC FOCUSSING OR Maximum coercive force . . . Almost infinite electrical re- nology, 3300 Federal St., Chicago 

DEFLECTION OF CATHODE BEAM TUBES sistivity . . . Highly resistant to demagnetization by driving 16 Ill 

_ HIGH FREQUENCY ALTERNATORS .. field... Negligible eddy current losses ... Less heating ’ . 

.. . Unaffected by strong magnetic fields . . . Easily designed 

ION TRAPS . . SONAR DEVICES . . for simplified holding fixtures . . . Often practical in more 
TRANSDUCERS . . LOUDSPEAKERS, etc. favorable shapes for equipment design improvement. 


co 


Such as LIGHTNING ARRESTERS, ARC Non-conductors . . . Do not cause unwanted current paths 


SNUFFERS, TEMPERATURE-SENSITIVE when placed close to circuit-interrupting equipment... . 
‘ Simplify equipment design . . . Linear energy variation and 


DEVICES, and other equipment. retrace with temperature increase and decrease. 








WRITE for Ceramagnet STACKPOLE CARBON COMPANY, St. Marys, Pa. 
Bulletin RC-11A. 





THE PERMANENT MAGNETS —— don't you get new ratoudll 
THAT ARE REALLY PERMANENT Cs Se se iasblecidaiiskamiiiladiamtodiie’ 
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§ csss. cussteorier MARS-LUMOGRAPH Zuratar, 


...and now Quwravlar* 


joins this famous family of fine pencils 


MARS 


*The only pencil specifically designed for work on matte- 
surface tracing film of Mylar®, DURALAR is the newest in 
the complete line of fine MARS drafting products. All are 
imported from West Germany and made to meet the high- 
est professional standards. Below @ Bright-hued LUMO- 
CHROM pencils in 24 colors for color-coded drafting and 
perfect reproduction @ LUMOGRAPH graphite drawing 
pencils in 19 degrees; some degrees available with eras- 





ers, some with special chisel points @ TECHNICO lead 
holders for color and black graphite drawing, with new 
sure-hold finger grips and degree markings for quick 
identification; also with clips, for pocket use @ NON- 
PRINT pencil and leads make notes and sketches that will 
not reproduce @ Pencil sharpeners in STANDARD and 
“DRAFTSMAN” models; latter with adjustable point-length 
feature. @T.M. FOR auPONT’S POLYESTER FILM 


sb 


S. STASDIVEES. 


HACKENSA 


arnt 


INC. 











WICHITA GIVES US — 


$F {|| Aly il ti “LOWER MAINTENANCE COST 


oe" ei and INCREASED DEPENDABILITY?’ 


say Dahlstrom customers 


4 


7-D flying die type cut-off press, 80 ton 
capacity, equipped with Wichita Air Clu’ch 
and Air Brake. This unit part of Dahlstrom 
line at a Pennsylvania steel products 
company. 


The demand is for high-speed 

efficiency in flying die type cut-off presses 
and top performing clutches and brakes. 
That's why Dahlstrom Sales Engineers are 


highly pleased with the performance story provided — 
by the Wichita Air Clutch. 


To quote...“Our customers have reported 

lower maintenance cost and increased dependability 

of the equipment. We have also noted, better performance 

since using Wichita Air Clutches and Brakes on 3-D flying die type cut-off presses, to be 

. 2% _ used as cut-off or pre-notched machines, 

our presses, shears and recoiling reels. 12-ton capacity, equipped with Wichita 
Air Clutches and Air Brakes. These 8 units 

Whether on new equipment or conversion of existing installed et on eviometive pleat in Chie. 

equipment insist on top performance. 


Specify Wichita Clutches and Brakes. 








Contact your nearest Wichita Engineer! 


Brehm-Lohner, Inc., Detroit, Michigan Allied Tr ission Equip t Co., 
L. K. Fremont, Cincinnati, Ohio Kansas City 8, Missouri 
W. G. Kerr Company, Pittsburgh, Pa. Donald E. Harman, Dallas, Texas 
Smith-Keser & Co., Avon, Conn., C. Arthur Weaver, Richmond, Virginia 
Philadelphia 44, Pa., and New York, N. Y. Malcolm S, Cone, Memphis, T 
Frank W. Yarline Co., Chicago, Illinois Dominion Power Press Equipment, Ltd., 
Lorry W. McDowell, Long Beach, California Burlington, Ontario, Canada 
Andrew T. Lobel, Denver, Colorado R. E. Kunz, Seattle 4, Wash. 
Robert P. King Co., Cleveland, Ohio W. G. Ballantyne Co., Portland 4, Ore. 
Norman Williams, Houston, Texas Bates Sales Co., St, Louis 1, Mo, Circle 426 on Page 19 











THIS IS GLASS 


A BULLETIN OF PRACTICAL NEW IDEAS 


POPPER THAT'S A STOPPER 


It has been pointed out to us that every 
day the world survives, fewer are the 
chances that anything is the most, the 
biggest, the only, or the first. 

But this corn. popper is a first—to the 
best of our knowledge. 


ed 


This machine pops corn with hot air— 
and all the action takes place before 
your eyes. 

But that’s putting the cart before the 
horse, because it was quite a number of 
moons ago when the designers at Electri- 
Cooker Division of General Foods were 
at the idea-developing stage. 

They wanted a new way of popping 
corn. And they wanted to boost sales by 
having all the popping parts veszble. 

So, they developed a way of turning 
kernels into a fluffy delight with a blast of 
hot (about 200° F.) air. Then they turned 
to Corning. 

And Corning in turn came up with a 
number of key components made from a 
Pyrex brand glass. Included are a 17- 
inch display dome, 13-inch lamp chim- 
ney, and an 8-inch chamber for storing 
unpopped corn. 


Why a Pyrex brand glass? Because you 
can use it at elevated temperatures with- 
out worrying about thermal shock. (For 
example, Pyrex brand glass No. 7740 
has a linear coefficient of expansion of 
32.5x 10-7 in./in. between 0° and 300° C.) 

Also, you can see through glass (an 
obvious but still extremely useful feature). 

And glass is so easy to keep clean, 
there’s no place for dirt to lodge in its 
smooth surface. Glass No. 7740 also is 
resistant to the attacks of most acids and 
alkalies and stands up well under dis- 
tilled water. 

You can find machines dispensing corn 
popped by hot air at Woolworth’s, 
Grant’s, Kresge’s, McCrory’s, Newberry’s 
and Sears Roebuck & Company. You 
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can find glass answers to one of your 
materials or component problems by 
coming to Corning. 

You can get a head start by perusing 
“This Is Glass,” a 64-page, well-illus- 
trated primer. And/or ask for Bulletin 
B-83, a detailing of mechanical, thermal, 
electrical, and chemical properties for 
three of Corning’s most popular types of 
glass. Use the coupon. 


PURITY—KEY TO FUSED 
SILICA’S VERSATILITY 


What material would you pick if you had 
the problem of accurate spectrum ¢rans- 
mission, growing high-purity crystals, or 
building a component that would not 
darken under radiation? 

The answer: Corning’s 100% Fused 
Silica, an extremely versatile material 
that will handle these, as well as many 
other, specialized tasks. And the key to 
this material’s versatility is its extreme 
purity. 

Capacity to stand up to high tempera- 
tures, coupled with optical properties 
that yield excellent schlieren or shadow- 
graph quality, makes fused silica a natural 
for installation in wind tunnels for design- 
ing supersonic aircraft and missiles. 


Optical purity and a high softening point 
(1585°C.) make Corning’s 100% Fused 


Silica useful in wind tunnel windows. 


Fused Silica also is used in ultrasonic 
delay lines, being well suited for handling 
delays ranging from 10 to 16,000 micro- 
seconds. More: You’ll find this material 
possessed of high electrical breakdown 
resistance, low dielectric loss, and low 
expansion. And it is permeable to helium. 

Uses (other than ultrasonic delay lines 
and windows for wind tunnels) include 


CORNING MEANS 


RESEARCH 1N 


FROM CORNING 


the following: windows for high-tempera- 
ture applications, windows for hot cells, 
and the optical components for ultra- 
violet instruments. 

All the facts are now available in spec 
sheet form. Check the coupon. 


NEW—CELLULAR CERAMICS 


Now, for the first time, from Corning’s 
Cercor process, you can get thin-walled 
cellular ceramics. 

These cellular ceramics are lightweight, 
resist oxidation, and have an extremely 
high surface area. Here is a sampling of 
Cercor products. 


The material used to make these 
objects has 1500 square feet of surface 
area per cubic foot. Individual wall thick- 
ness averages only 0.005 inch; weight is 
only 30 pounds per cubic foot. 

This material can withstand tempera- 
tures up to 1800°F. with virtually no 
thermal expansion, and can be operated 
continuously at 1290°F, At either tem- 
perature you don’t have to worry about 
thermal shock or oxidation. 

To provide additional strength, a 
ceramic coating can be bonded to the 
exterior of most cellular forms. 

The composition ot the Cercor mate- 
rials may be changed to provide desired 
physical and chemical properties, and 
further development is expected to result 
in a broadening of potential configura- 
tions and product shapes. 

Suggested uses so far include structures 
for use in gaseous heat exchangers, cata- 
lyst supports, burner plates, column 
packing, and acoustical filtering, flow 
control, insulation, and structural mate- 
rials in high-temperature applications. 

Inquiries invited. And/or ask for a just 
published bulletin detailing all pertinent 
data and characteristics. 


GLASS 


y CORNING GLASS WORKS 52 Crystal Street, Corning, N.Y. 


Please send me: [_] “This Is Glass”; [] Bulletin B-83; ([] Fused Silica; (] CERCOR 


Name 





Title__ 





Company 





Street 





Zone State 
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EASY TO 
HOOK UP 


This enlarged wiring compartment saves 
hook-up time on the assembly line 
Wiring compartments on G-E motors 
are now roomier and easier to work 
with. An enlarged opening allows 
greater accessibility. A narrower ter- 
minal board makes 
it easy to bring in 
leads from conduit. 
There are no extra 
studs on the board 
to result in “hook- 
up confusion.’’ Eas- 
ier, more accurate 
wiring results. How 
much can this extra 

value save you? 


GENERAL @@ ELECTRIC 


6 Reasons why 


REDUCE 


FAST CONDUIT 


FAST LEAD 


CONNECTION CONNECTION 


Special speed nut permits conduit connection 
from outside; cuts connection time 50% 
Conduit connection is greatly simpli- 
fied by single-thread speed nut welded 
inside the motor shell. This feature 
permits connection of conduit from 
outside the motor 
in half the time 
normally required 
with conventional 
lock nut. No waste 
of time fumbling 
with a loose nut, no 
possibility of drop- 
ping it in the motor 
or on the floor. It’s 
a real time saver! 


GENERAL @@ ELECTRIC 


Now plug-in connectors on all terminals 
cut wiring time in half 

For the first time on all single-phase 

Form G motors, General Electric 

offers time-saving quick connectors 

on all external and internal contacts.* 
Wiring time is cut 
in half. (Studs have 
been retained for 
conventional wir- 
ing.) Simply plug in 
the leads. Fast, posi- 
tive connections are 
assured. Try it your- 
self. You'll like this. 
new General Elec- 
tric extra value. 

* Explosion-proof and a few special motors excepted. 


GENERAL @@ ELECTRIC 


JUST ASK YOUR GENERAL ELECTRIC SALES ENGINEER 
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General 


ASSEM 


LUBRICATION \ 
AFTERIYRS. NORMALOR \\ 
YR. HEAVY DUTY SER 
VICE ADD OL ANNUALLY 
NO REOILING REQUIRED 
ON WGHT DUTY APP 
CATIONS WITH TOTAL 
OPERATING TIME UN 
DER 25,000 HRS. USE 
ELECTRIC MOTOR OR 
SAE 10 OL 


DO NOT OVER OIL 
TO DISASSEMBLE 
MOTOR REMOVE BEARING 
END CAP ON TERMINAL 
ENO. THEN REMOVE 
SHAFT CLIP BY RE 


LEASING TAB APM 1725 _ 
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New permanent instructions and data 
simplify installation and servicing 
Operating data on Form G motors is 
both legible and permanent to help 
you select, install and service without 
guesswork. The nameplate is engraved, 
then paint-filled for 
extra readability. 
Oiling instructions 
are lithographed on 
the terminal box 
cover plate. Lets 
your customers 
know exactly how 
little maintenance is 
required. See this 

extra value! 


GENERAL @@ ELECTRIC 


ABOUT THE NEW FORM G “EXTRA 
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Built-in grounding lug permits fast, easy 
grounding to meet UL standards 
Now on Form G motors you get a 
built-in grounding lug that meets UL 
standards for grounded third lead 
when required. With a self-forming 
screw you can make 
ground connections 
quickly, easily and 
inexpensively. This 
feature assures safe, 
permanent grounds. 
There’s no chance of 
disconnection dur- 
ing maintenance. 
Ask for details about 

this extra value. 


GENERAL @® ELECTRIC 
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Electric Form G motors... 


; COMPACT, 
LIGHTWEIGHT 


Small, light Form Gs easy to assemble; 
cut handling and shipping costs 
Up to 50 per cent lighter, 40 per cent 
smaller than old-style designs, General 
Electric’s Form Gs are easier to handle, 
faster to install. Compact motor re- 
quires less mounting 
space and material; 
cuts down “assem- 
bly-line fatigue” 
caused by heavier 
motors; reduces 
stock space and 
shipping costs. You 
can’t help but save 
with compact, light- 


weight Form Gs! 
702-90 


GENERAL @@ ELECTRIC 


VALUE” FEATURES 
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7000-0 and 9000-UD 


Ball Bearing Combinations 


provide DOUBLE the thrust capacity 
available with regular Duplex bearings 


M-R-C 7000-D single-row angular con- 
tact bearings and M-R-C 9000-UD single- 
row two-directional thrust bearings can 
be used in combination mountings to 
provide approximately double thrust 
capacity in one direction and single 
bearing thrust capacity in the opposite 
direction. 

This combination mounting, requiring 
twice single-row width, results in almost 
100% gain in thrust capacity in one 
direction, with no change in the other 
direction. 









































More than one 7000-D bearing may be 
used in conjunction with a 9000-UD 
bearing to provide still greater thrust 
capacity in one direction when required. 
The 9000-D single-row bearing performs 
the dual function of carrying its proportion 
of the heavy thrust load in one direction and 
supporting all of the reversing thrust load. 


This combination of 7000-D and 9000-UD 
bearings was originally selected for deep well 
pump applications, supporting heavy down- 
ward thrust load as well as reversing thrust 
due to upsurge. 



















































































It is suitable for use in any application involving 
heavy thrust in one direction with lighter reversing thrust. 


Write OUR Engineering Department regarding YOUR bearing problems 


MARLIN-ROCKWELL ool. 1 ol Walol.| 


Executive Offices: Jamestown, N.Y. 
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Research Underscores Need of New Approach 
to Manufacture of Hose and Other Rubber 
Equipment Exposed to High Octane Gasoline 





Laboratory study shows dangerous degradation 
of present elastomers under new aromatic fuels 


The trend to higher octane gasolines dictates a re-evaluation of 
rubber requirements — in the petroleum field — at refinery, trans- 
portation and service station levels. Exhaustive tests by THIOKOL 
point up the need. 


Six different types of synthetic rubber now widely used — 
including THIOKOL ST and FA polysulfide crudes — were used 
for the tests. Immersed in fuels of varying aromatic content, from 
25% to 100%, the elastomers were measured for volume swell, 
tensile strength, and low temperature properties. Most synthetics 
showed a marked reduction in physical properties and service- 
ability, while the THIoKOL crudes satisfactorily resisted “high 
octane rot.” 


I Acokol€ » 


CHEMICAL CORPORATION 


®Registered trademark of Thiokol Chemical Corp. for its liquid polymers, synthetic 
rubbers, rocket propellants, plasticizers and other chemical products. 
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The detailed results of this THIOKOL study hold 
great significance for suppliers in the rubber industry. 
Coupon will bring you a copy of the complete report. 


FOR MORE INFORMATION: 

Mail coupon to Dept. 44, Thiokol Chemical Corp., 
780 N. Clinton Ave., frenton, N. J. In Canada: 
Naugatuck Chemicals Division, Dominion Rubber Co., 
Elmira, Ontario. 

Gentlemen: Please send me a complete report of 
your aromatic fuel study. 





Firm 





Street 








City 


Your Name. 








It meets the 
performance-cost 
requirements of 
many applications 


Bushing with a Bearing alloy lining 


Now you can specify economical rolled, split steel bushings lined with 
bronze, babbitt, copper or aluminum alloy to provide bearing load- 
carrying qualities with the advantages of low cost. They are available 
in many lengths and diameters, with straight, clinch, butt or special 
seams, They can be ball indented and have oil holes, grooves, notches, 
slots, as required. Quality controlled manufacturinz to meet your 
specifications. We provide complete engineering service. A copy of 
the ‘Formed Bushing Design Guide”’ will be sent on request. 


FEDERAL-MOGUL DIVISION 


FEDERAL-MOGUL-BOWER BEARINGS, INC., 11045 SHOEMAKER, DETROIT 13, MICHIGAN 
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YOU CAN CHANGE BLADE PITCH 


TO CHANGE VOLUME AND PRESSURE 
JOY AXIVANE FANS 


If calculated and operational requirements differ . . . if system 

characteristics change . . . or if resistance is difficult to predict 

—Joy fans can solve your problem. The blade pitch is adjust- 

able. The factory blade-setting can be changed quickly to 

provide either a wide pressure-range for any particular volume 

or a change in volume. The inset photograph shows how this || 

can be done using only a common wrench. |) Joy Manufacturing Company 

Other advantages: The motor is inside the fan . . . no drive ae ea Paha meni 

losses. This makes the fan unusually compact and efficient e ” ee 

. . . easy to mount. There are 1600 standard models in all 

combinations of horsepower, pressures, and volumes. Also aoa name and title 

available with V-belt drives. Send in the coupon now for | 

complete information. ‘company, 
Joy Manufacturing Company, Oliver Building, Pitts- 

burgh, Pa. In Canada: Joy Manufacturing Company (Can- 

ada) Limited, Galt, Ontario. WW. 17317-2587 ; ( | am interested in Joy Axivane Fan information on: 


JOY: YOU MONEY ON AIR 
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street address city 
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...in gauge and temper! 





John Broehm, big boss of the breakdown rolls, 
has been putting pressure on aluminum for 
31 years. ‘‘No matter how thick or thin you 
squeeze it, it’s always ‘the finest aluminum,’ ”’ 
is the way John puts it. 


"ae accurate! * 
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pressures 


Much of the sheet aluminum used in our five 
large fabricating plants is produced in our 
own rolling mill. This on-the-spot control 
permits us to give our customers finished com- 
ponents made from metal of standard or 
special tempers and thicknesses. Aluminum 
sheet for parts of all sizes, from the. smallest, 
light-gauge tube shields for portable radios to 
heavy-gauge deepwell cookers and 4-foot ceil- 
ing panels, is accurately controlled throughout 


* the breakdown roll and rolling mill processes. 


This control of accuracy assures a minimum 


MACHINE DeEsIGN 





on...3/75 tons of it! 


rejection rate of the end product into which 
the metal is formed. Our rolling mill opera- 
tion, with its entire output for exclusive use in 
our stamping plants, has the further advan- 
tage of speeding up production schedules, 
since it eliminates delays due to shipment of 


metal from outside sources. 


If accurate operation and skilled produc- 
tion planning appeal to you, send us your in- MIRRO ALUMINUM COMPANY 
(Formerly Aluminum Goods Manufacturing Company) 


quiries .. . or even better, visit our plants to esasateurse. wiseounine 
FIFTH AVENUE BLOG., NEW YORK 10 . MERCHANDISE MART, CHICAGO 


see how our facilities can help you. 
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SELECTING TORQUE MOTORS 


The torque motor, unlike any other electric mo- 
tor, is a special from the word go. That situation 
alone makes Peerless one of the best sources for 
torque motors in ratings from 2 oz. in. to 200 Ib. ft. 


Torque motors deliver maximum rated torque 
without damage to the windings when stalled across 
the line at full voltage for predetermined periods. 
Peerless also builds torque motors which provide 
a nearly constant torque while operating at less 
than synchronous speeds. 


All standard frame sizes; all types of mountings; 
high torques; special paint and varnish treatments; 


Comparative Speed-Torque Curves of NEMA 
Design B Motor and Typical Torque Motor 


DESIGN B MOTOR 
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6 OF LOCKED TORQUE 


The speed-torque curve varies from that of a conven- 
tional motor. The torque motor curve is almost linear. 
Maximum torque occurs at the stalled position. For this 
reason, torque motors are used most often where a 
holding or resisting force is required. 


and Class A, B and H insulation are available from 
Peerless. Torque motors require unusually close 
cooperation between the motor supplier and the cus- 
tomer’s engineers. This cooperation is a Peerless 
specialty. We will work with you to produce the 
one torque motor that powers your product best. 


Weather-Tight Special Flange 


Special Flange Reversing Hoist 
Motor Single Phase 


NEW TORQUE BULLETIN.This 
bulletin outlines basic facts about 
Peerless torque motors and shows 
applications. It is available FREE. 
Write for it today. 


ELECTRIC MOTOR DIVISION — — — — — — —_ 


tHe Sexless. Electric compan 


FANS - BLOWERS - MOTORS 
1520 W. MARKET ST. - WARREN, OHIO 
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another 


NEW BOOK 


with that 
aAStM@AaAn 
LOOK 


36 pages on 
medium to low pressure 
hydraulic hose and tube assemblies 





REUSABLE COUPLINGS FOR RUBBER COVER HOSE 


Exclusive Eastman design 
directs flow of hose into 
machined recesses of insert 
and coupling body. Doubles 
the hold, — longer 
service. Pages 26 & 7 








ARRANGED FOR YOUR CONVENIENCE 
ee ae ee 


PERMANENTLY ATTACHED FLANGE HEAD COUPLINGS 
Locate your required assemblies 
aaseattens tieitaiitiitini Determine the proper couplings 
nent hose attachment—plus Specify according to pressure 


convenience of split-flange 
head couplings with 0 to 90° . P - P 
stems permitting full 360° EASTMAN’S New Technical Bulletins on Hydraulic Hose and 


positioning. Pages 20 & 21. Tube Assemblies are the talk of the trade! 


Here’s the second in the series which you will want to send 
paths: nigtaentia is Py hy: ee ee “****8° for right away—Technical Bulletin No. 100 on Medium to Low 
REUSABLE COUPLINGS FOR COTTON COVER HOSE Pressure Assemblies. Working Pressures range from 3000 psi 
to 75 psi (for return suction lines). 
Eastman engineered two- 2 Easy-to-use tables arranged opposite dimensional drawings 
secied withee ahigoing for the entire Eastman line of Couplings: Permanently Attached, 
hose. (Can also be used on Clamp Type, Flange Type and Reusable—for One Wire Braid 
a prt ee beeen og + Rubber Cover, Cotton Cover and Suction Hose—plus necessary 
details on pages 24 & 25, adapters and tube fittings. 
This is a necessary companion to the first in Eastman’s New 
ereeseereccccsverseovvovesvvevseeeeeee—" Series of Bulletins—No. 200, on High Pressure Assemblies. Be 
PERMANENTLY ATTACHED COUPLINGS FOR SUCTION HOSE sure that your personnel is supplied with copies of each of these 
modern bulletins. 


F ! i 
or use on enka! wine ce. Write today! Send the quick senuice coupon below. 
permits rapid return of hy- 


Graulic Muid assuring | EASTMAN MFG. CO., DEPT. MD-1, MANITOWOC, WISCONSIN 


adequate supply from lever 
to load for top payload i‘ 

Please send me copies of Bulletin 100 on Medium to Low Pressure 
Eastman Assemblies for 1-wire braid hose. 
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power. See page 31. 





| 

| 
toe — bake Please send me........copies of Bulletin 200 on High Pressure Eastman 
Assemblies for 2-wire braid hose. 


| 
| 
| 
I 
| 
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haeusoas copies of Bulletin 500 on Adapters and Adapter Unions. 
| 
| 
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Here Timing: Counts.. . 





The pitch is on the way; from here on in, the batter’s 
timing: really counts! And when it’s your turn at bat to 
solve a motor-drive problem for appliances or equipment, 
Emerson-Electric will work with you to make your 
timing perfect! \ 
Remember... 

@ Fsherson-Electric produces custom-engineered motors 
to suit your specific needs, 

@ We specialize in solving motor-drive problems like 
yours, and we have a back-l@g of more than 65 years 
of experience. 


To get the kind of timing 
that poys off in the profit 
column, call, wire or write 
Dept. M-352 today. The 


weatwne EIVIERSON-ELECTRIC of St.Louis - Since 1890 
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Technical data for 


gasket design and selection 
NUMBER NS SSS 


How to get better sealing 
at no extra cost in fiber 
sheet gasket applications 


Economy is among the most impor- 
tant design objectives, whether it be 
an opportunity to reduce costs or a 
way to improve performance at no 
increase in price. 

A new beater-saturated gasket ma- 
teriak—Accopac N-852—is delivering 
such economy in a variety of applica- 
tions where conventional plant fiber 
gaskets have been used. 

In every case, N-852 was used at 
no increase in cost, and in many in- 
stances, this new material delivered a 
substantial bonus in better perform- 
ance. 

Accopac N-852 is made by a proc- 
ess pioneered and patented by Arm- 
strong. In this process, cellulose fibers 
are combined with a synthetic latex 
binder and formed into dense, homo- 
geneous sheets of unusual uniformity. 

The binder in N-852 cannot be 
volatilized or extracted in any recom- 
mended application. As a result, gas- 


The efficiency of this vapor-tight light fixture 
was reduced when binder in a conventional 
plant fiber gasket volatilized and condensed 
inside globe. The non-extractable binder in 
N-852 helps eliminate problems of this type. 


kets cut from this new material will 
not shrink in use or in storage. 

Accopaec N-852 is recommended for 
any sealing job where glue-glycerine 
saturated materials are now being 
used. Typical applications are in caps 
for gasoline tanks and radiators, mas- 
ter cylinders for brakes, gear case 
covers, and hand hole covers. 

N-852 is available in sheets, rolls, 
or die-cut parts. It can be obtained 
direct from Armstrong or locally 
through Armstrong Approved Gasket 
Fabricators throughout the country. 
Write to us for more information on 
Accopac N-852—or a list of Armstrong 
Approved Fabricators. 
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Free wall chart helps assure positive seals 
and guides in proper gasket selection 


Leaks in gasketed joints are at times 
attributed to such things as compres- 
sion set or torque loss, when the real 
problem is simply that the flange load 
is too low to maintain a seal. 

To be sure of adequate unit loads, 
two things must be considered. The 


Qa 


This 18” x 23” wall chart simplifies flange load calculations 
and guides in selection of proper gasket material. 


first is the “seal point” of the partic- 
ular gasket material, i.e., the unit 
pressure required to form a seal. This 
point is frequently underestimated. It 
varies widely, even among materials 
of the same general class. 

The second thing is the actual unit 
load on the gasket, as contrasted with 
the apparent load arrived at mathe- 
matically by converting bolt torque to 
bolt load. 

The apparent load and the actual 
load rarely coincide, because friction 


on bolt threads results in wide varia- 
tions in bolt efficiency. Such friction 
soaks up bolt torque, often to the ex- 
tent that actual pressure is only a 
small fraction of pressure anticipated 
on the basis of bolt torque calculations. 

These possible variations in bolt 

efficiency point up the 

Oo » need for a method of 
estimating what per- 
centage of the indicated 
torque load is dissi- 
pated in overcoming 
varying degrees of 
thread friction. 

Research engineers at 
Armstrong have estab- 
lished by original labo- 
ratory procedures the 
seal points of Armstrong 
resilient gasket mate- 
rial. In addition, they 
have developed a sim- 
ple method of convert- 
ing apparent flange 
pressures to actual 
flange pressures, taking 
into account a wide 
range of bolt thread 
conditions. 

This data takes much 
of the guesswork out of 
flange load calculations 
and gasket selection. It 
gives a designer reason- 
able certainty of get- 
ting loads that will 
equal or exceed the 
minimum required for 
sealing with the various Armstrong 
materials. 

The new method is discussed in de- 
tail in the Armstrong Gasket Design 
Manual, and its major points are con- 
solidated for easy reference on an 
18” x 23” wall chart. Copies of the 
manual and chart are offered at no 
charge. Please request them on your 
business letterhead only, addressing 
your inquiry to Armstrong Cork Com- 
pany, Industrial Division, 7101 Dean 
Street, Lancaster, Pennsylvania. 


(Aymstrong GASKET MATERIALS 


. used wherever performance counts 
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What the new expansion program of Chrysler M&I Engine 
Division means to manufacturers of self-powered equipment 


A joint message from Arthur S. Hudson (left), President and Lawrence E. Nelson, 
Vice President—Sales, Marine and Industrial Engine Division, Chrysler Corporation 


Our division has recently undertaken 
the most far-reaching expansion of facilities, 
service and personnel in the history of our busi- 
ness. Much has already been done, more will 


soon be completed. 


Details of all phases of this expansion 
have been outlined in a brochure, “The Forward 
Look in Industrial Power.” which we will be 
: 3 CUSTOM ENGINE BUILDING FOR INDIVIDUAL APPLICATIONS, 
pleased to send you if you will address a request INCORPORATING SAVINGS OF AUTOMATED PRODUCTION. 


to us on your executive letterhead. : F ‘ 
y Production of Chrysler Industrial Engines has been 


‘ completely re-organized. Basic engine blocks are 

But even more important perhaps machined in the huge Chrysler automated engine 

than the details of our expansion is what this plants. Production facilities of the division itself 

are devoted exclusively to building the finished 

engine as specified — with any of the thousands of 

manufacturers of self-powered equipment. Let’s — possible combinations of options and accessories. 

This gives you the advantage of an engine built for 

your individual application at a price which 
how it will help your business! incorporates automated production savings. 


expansion means to you, our customers — the 


look at each phase of this expansion in terms of 


Chrysler-powered equipment for every major industry 


Air Compressors Ditching Machines Standby Generators Lift Trucks Petroleum Pumps _ Shovels 

Aircraft Towing Tractors Drilling Equipment Hydraulic Cranes Loading Machines Pulp Machinery Snow Mobiles 
Arc Welders Fire Pumps Industrial Hoists Mobile Cranes Road Pavers Street Sweepers 
Concrete Mixers Farm Combines Industrial Tractors Motor Coaches Road Rollers Winches 
Construction Pumps Farm Tractors Irrigation Pumps Orchard Sprayers Scoop Tractors Yard Cranes 
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Each engine center has a large and complete 
inventory of industrial parts and replacement 
engines available on regular and 24-hour emer- 
gency basis, delivered by special service trucks. 
In addition, each engine center has ample service 
buildings, tools and trained engine specialists to 
provide service for all types of Chrysler-powered 
equipment in the area. 

Our factory service force has also been ex- 
panded in both regional and district offices to 
provide fast, on-the-job help for you and users 
of your Chrysler-powered equipment. 


FASTER PRICING AND DELIVERY WITH 
LESS LEAD TIME REQUIRED ON ORDERS. 


Production and production control is now co- 
ordinated under one roof. Production scheduling 
and follow-up procedures assure you that your 
orders will be produced to exact specifications 
and delivered on schedule with a minimum of 
lead time required, There is not only daily, but 
hourly, contact between all our departments. 
Where required, “personalized” follow-through 


on individual orders is possible and practical. CONTINUOUS IMPROVEMENT OF ENGINE PERFORMANCE 
The building of prototypes for testing in new AND DEPENDABILITY THROUGH EXPANDED 
applications has also been greatly accelerated. PRODUCT DEVELOPMENT AND RESEARCH PROGRAM. 


Better and still better power for your particular 
application is the goal of our expanded research, 
development and field-testing program. The 
more economy, dependability, trouble-free per- 
formance we can build into Chrysler Industrial 
Engines, the more desirable your products are 
to your customers. In addition to improving 
present applications, we are particularly eager 
to work with manufacturers on pilot models to 
expand the range of Chrysler-powered appli- 
cations, for we know the success of our product 
depends upon how well it works for you. 
FASTER FIELD SERVICE AND PARTS AVAILABILITY We hope that you will call or write to us 
THROUGH NEW ENGINE CENTERS, EXPANDED about your power requirements. One of our sales 
DEALER NETWORK. engineers will bring you a new Chrysler Product 
Line Catalog and help you select and price the 
exact combination of engine, accessories and 
equipment to fit your specific application — 
right at your desk. 


New Chrysler Industrial Engine Centers are now 
being established at strategic service points 
throughout the United States. Together with an 
expanded dealer network, they will offer even 
the most remote users of your Chrysler-powered 
equipment efficient, 24-hour service, plus imme- 
diate delivery of replacement parts and engines. 


CHRYSLER > 
 cmmmmemsnianiiaiiaaiiaiaeeeieaa AND ZCNDUSTRIAL ENGINE DIVISION 
M 


arine & Industrial Engine Division CHRYSLER CORPORATION + DETROIT 31, MICHIGAN 
Chrysler Corporation, Detroit 31, Michigan 


Please send me a copy of your 
[ new brochure, “The Forward NAME ie ae 





COI II cece eee | ies! 


Please have a sales engineer 
bring me a copy of your new 


| 
| 
| 
| 
| Look in Industrial Power.” 
| 
| 
| Product Line Catalog. ADDRESS____ i. 
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Another new development using 


B.EGoodrich Chemical - 22:2: 


FRAME AND 
SASH ARE MADE 
OF GEON— 

no more condensation 


problems 


Frost and condensation problems have 
been licked with this new window made 
with Geon rigid vinyl material. There 
is no moisture precipitation, even under 
conditions of 18°F. outside, 74°F. in- 
side, with relative humidity as high 
as 60% . 

The frame is predominantly of Geon 
rigid vinyl with aluminum trim sections; 
sash is completely of Geon. There is no 
pitting, rusting, corroding or warping. 
The window unit can be manufactured 
in colors, or painted to match house 
trim. 

There is no metal-to-metal contact 
in the specially designed seal. No pile or 
metal weatherstripping is required. Yet 
these windows can withstand water in- 
filtration tests with pressures equal to 
45 mph winds. 

Geon is the remarkable plastic ma- 
terial available in many forms to be- 
come the key to a new or improved 
product. For information, write Dept. 
LO-1, B.F.Goodrich Chemical Com- 
pany, 3135 Euclid Avenue, Cleveland 
15, Ohio. Cable address: Goodchemco. 
In Canada: Kitchener, Ontario. 


bie 4 

Baa ky. 

Root nO ee ee 
“Therminate”’ windows are made with Geon rigid vinyl by Woodlin Metal 
Products Company, Marshall, Michigan, in standard sizes, in picture 
window and sliding window sizes and with jalousies. B.F.Goodrich Nal 
Chemical Company supplies the Geon rigid vinyl material only. b _ 

a —— 

Peon 1 : 
B.F.Goodrich Chemical Company 
a division of The B.F.Goodrich Company 


GEON polyvinyl materials « HYCAR rubber and latex 
GOOD-RITE chemicatis and plasticizers * HARMON colors 
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Reliable 
Control Units 


for every industrial application 


Among the many hundreds of Allen-Bradley push 
button and control units, you are certain to find the 
types best suited to your particular needs. The seven 
units shown below are a few of the latest additions to 
the Allen-Bradley quality line of control units. 

All Allen-Bradley control units—standard duty, 
heavy duty, and oiltight—have double break, silver 
alloy contacts—to assure reliable operation. Simple 
constructions and generous wiring room are outstand- 
ing features. Insist on Allen-Bradley control units 
for all of your equipment—you can’t go wrong! 


Encapsulated Pilot Light. 
Oiltight Bulletin 800T. 


iuminated Push Button. 
Combines pilot light and push 
button in one unit. Oiltight Time Delay Push Button. 
Bulletin 800T. Delay is adjustable from 0.5 
second to 5 seconds. Oil- 
tight Bulletin 800T. 
Encapsulated Pilot 
Light. Heavy Duty 
Bulletin 800. 
Double Circuit Push But- 
Push-to-Test Pilot Light. ton. Has 2 N.O. or 2 N.C. 
Oiltight Bulletin 800T. eupwusig or Weoomee contacts. Oiltight Bulletin 
Selector Switch. Oil- 800r. 
tight Bulletin 800T. 


ALLEN-BRADLEY OFFERS the most com- 

plete line of standard duty, heavy duty, and 

oiltight control stations on the market. Send 
for Publication 6090 today. 


STANDARD DUTY f HEAVY DUTY 
CONTROL STATIONS of. CONTROL STATIONS 


ALLEN -BRADLEY 
Ney to) Molo) ha xoll 


QUALITY 


Allen-Bradley Co., 1316. S. Second S&., Milwaukee 4, Wis 
fo}|Milci pam eel. b6 ce) mye Bile), b) ; In Canada: Allen-Bradley Canada Ltd., Galt, Ont 





A new “quality” standard’ 7s 
for small REVERSING a4 
DRUM SWITCHES 


GOOD-LOOKING 
AND GOOD 
“FEELING” | = = : 
DIE CAST HANDIE ‘ << gone WRAP-AROUND 
COVER 


EASILY ACCESSIBLE i — 8 ass : gives complete 
MOUNTING HOLES Be . m access to drum 


MERELY LOOSEN 
SCREW AND SLIDE 
PLATE to change from 
momentary to 
maintained contacts 
—or vice versa 


SINGLE SCREW 
COVER MOUNTING 
—screw cannot 

fall out 


. 





INDEPENDENT 
SWITCH MOUNTING 
prevents misalignment a6 ee ACCESSIBLE SCREW 
TERMINALS for 
front wiring 


— 


\72 \ Vs \¥. 


HEAVY CONTACT 
SURFACES for 


long operating life RAISED EDGE 


for base mounting 
without spacers 
TWO CONDUIT 


OPENINGS maximum rating 
2 horsepower 





NEW OILTIGHT COVER PLATE 
FOR CAVITY MOUNTING 





This all-new Allen-Bradley reversing drum switch was designed 
to keep pace with ‘the mechanical beauty designed into so many 


fg) (% mn 3 of the modern machine tools. 
y 7 a eae . : ; , 
i; : The Bulletin 350 reversing switch is equivalent to a three- 
<8 Y pole, double throw switch . . . and can be used with d-c motors; 
om oe ; or single phase, two phase, or three phase a-c motors. 
a of : pears A 
fl ™ Investigate the Bulletin 350... the new leader of its class... 
i . " by 5 


in appearance, ease of installation, and operating life. An Allen- 
Bradley quality switch . . . in every sense of the word. Send for 
descriptive bulletin. 





MZ XY 
ALLEN -BRADLEY 


MOTOR CONTROL 
SS wuALTy 


Allen-Bradley Co., 1316 S. Second St., Milwaukee 4, Wis. 
In Canada—Allen-Bradley Canada Ltd., Galt, Ont. 





Compact design 








—, 





Complete mounting 
interchangeability 








Now a new design—Series LPF V—gives you even greater 
flexibility with Tuthill small industrial pumps . . . the in- 
dustry standard for dependable operation for many years. 

Complete interchangeability allows the use of any one 
of five different sizes in the series on the same mounting 
arrangement. Capacities range from 20 to 360 gallons per 
hour, at pressures up to 500 psi. Normally provided for 
1800 RPM, 3600 RPM speeds are permissible in most 
cases. And a built-in relief valve is now offered as optional 
equipment on all LPF models. 

Compactness, an outstanding characteristic of all Tuthill 
pumps, is particularly exemplified in the new model LPFV 
with its shorter mounting hub. It is also available in close 
coupled motor-pump combinations for applications where 
space and weight are at a premium. 

The newly designed model LPF'V incorporates the per- 
formance-tested operating characteristics of Tuthill’s in- 
ternal gear construction described at right. In thousands 
of applications . . . in hydraulics, lubricating, transfer, 
circulating and other services . . . Tuthill internal gear 
pumps have established enviable records for reliability 
and quiet operation. 

Over 700 models of Tuthill internal gear pumps are 

available to provide one especially suited to your applica- 
tion. These include stripped models for built-in applica- 
tions, cartridge pumps, reversible models . . . a host of 
specialized pumps for each individual service. Mail the 
coupon today. 
Tuthill Manufactures a Complete 4 
Line of Positive Displacement 
Rotary Pumps in Capacities From 
1to 200 GPM; for Pressures to 1500 
PSI; speeds to 3600 RPM. 


. 
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TUTHILL internal 


gear pumping 
principle 








In Tuthill internal gear pumps, proven in 30 years of opera- 
tion, there are only two moving parts. The principle is based 
upon the use of a rotor, idler gear and a crescent shape parti- 
tion cast integral with the cover. Power applied to the rotor 
is transmitted to the idler gear with which it meshes. The 
space between the outside diameter of the idler and the out- 
side diameter of the rotor is sealed by the crescent. As the 
pump starts the teeth come out of mesh increasing the volume. 
This creates a partial vacuum drawing the liquid into the 
pump through the suction port. The liquid fills the spaces 
between the teeth of the idler and the rotor and is carried 
past the crescent partition to the pressure side of the pump. 
When the teeth mesh on the pressure side the liquid is forced 
from the spaces and out through the discharge port. 





Tuthill Pump Company 

953 East 95th Street 

Chicago 19, Illinois 
[] Please forward information on LPF series 
[] Please have your representative call 


Name. Title 








Company 
Address 





—_——e——S— ee ee ee ee eee ees 


City. 





a 


TUTHILL PUMP COMPANY 


i” @ 
| 
953 East 95th Street, Chicago 19, Illinois 4 
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For control of wear due to 


IMPACT and 
ABRASION 


AM Ss Cc oO 
Ferrous Alloy Castings 


Types of Alloys 


@® j ’ o,e 
pectin Amsco® is the world’s largest producer of austenitic 


manganese steel castings. This material—‘‘the toughest 
Manganese Steels—In additi ; TSE me 
to the capaend Tanacnees steel known”—finds wide application in the mining, con- 


peal scr Roracoe struction and quarry industries—wherever severe wear 


alloyed manganese steels. . : . 
Checmiem oF eomebaaieen due to impact and abrasion is a factor. 


are added to improve yield In addition, Amsco produces nine other ferrous materials 
Strength, ductility and/or ‘ 3 : : 
resistance to advance effects which vary widely in analysis, character and performance. 


of heating. : : : : : 
Chandni eiiee. This permits Amsco engineers to make an impartial 


air-hardening steels alloyed recommendation on the best material for almost any spe- 
with chromium and molybde- ‘ 2 ; c 

num are available in two cific wear application. Such recommendations normally 
forms. Both have higher tensile s ‘ . e 
strengths and, in some appli- require a careful appraisal of all factors affecting wear-life 


cations, longer wearing prop- . a ae ° : , 
erties than manganese steels. —including original cost, maintenance cost, service life, 


Multiple-Alloy Engineering application characteristics. 
Steel—Martensitic, high- , . . 
performance steel alloyed with Amsco engineers are equipped to give 


chromium, nickel and molyb- ° ° > 
denum for use in combining you specific information on the types of 


ering-abrasion applica- ; . 
deta Dietions veer Sak tons alloys listed here. Call in your nearest 


sile properties with good duc- H ; H 

Sins daeh taapact eecetanes. Amsco representative. Or write us direct 
er en for a copy of Booklet S-57—Amsco Ferrous 
excellent abrasion resistance Alloy Castings 


with high compressive strength 
and low ductility. 








AMERICAN 


' Brake Shoe 


American Manganese Steel Division * Chicago Heights, | 


OTHER PLANTS IN: DENVER, LOS ANGELES, NEW CASTLE, DEL., OAKLAND, CAL., ST. LOUIS; JOLIETTE, QUEBEC 











Circle 444 on Page 19 MacHINnE DESIGN | 





the size...| the type... 


For more than half a century 
| 51 OF atot-Mol-1-valle os abaalel a A105 or 
Jo) OU} ob ar ole BO Wol-lob a bale (Bde) Mel ater 
inal equipment to most of 
1d aX-WK:to lob bate mb aaleballSdelelabba-sa-meh: 
joke t=s-1-b ale (-) ao bate MM olobaabaal-vaesloe 
2-3 ab Kod C=\- SM § ae Loh 10} aM o bale MB Cob ae. 


baaho}t-veat- sabe 


Custémers tell us that our en- 
ope al-1-babale ME ckoloh ol-saeh ated ammate 
enabled them to effect’ pro- 
fob Yeh sho} aM tole) ale) aabt-\-tne bats Mb baat 
jo) Loh dM ob dole AB Lot MR ol-b ab doh saalebaler= 


|ON\7-s ak dat =k d-1eba-W =1 OF. Wi alol-Mel-saat 
onstrated production flexi- 
Job 0 bh 51am ¢ alot amet -1-10 6 a1 o) aod aad o}: 
as-promised delivery of emer- 
gency as well as_ réutine 
requirements . in sample 


oy ams ob dole bb Loh stop aMMeastobal ohal-\-s 


}51 OF. 1-3 Colo) cal -\- in dal -MEEo) 0} ofe) are 
tunity to discuss with you 
_any of your ball bearing ap- 


Jo} bKoloh oCob al Moy ale ob ae} o} C-vaatce 


BEARINGS COMPANY OF AMERICA 


SOW ED 2] b , y A 
oA ot 
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STAINLESS STEEL CAPSTAN 
WITH RUBBER VULCANIZED 
ON HUs 


NYLON SPRING RETAINER (2 REQ’D) 





SPECIAL ROBBINS 








SPECIFICATIONS 


Reluctance synchronous motor, 1/20 HP, 60 cycle, 3 phase, 
208 volts + 8%, 1200 RPM .. . Rotor dynamically balanced 


to commercial specifications . . . Shaft is shown in position Robbins & Myers 


when motor is stopped . . . When motor is running at syn- 


chronous speed, a minimum axial force of 350 grams is builds motors from 


required with spring in place before displacement occurs . . . 
When rotor is in its retracted position and power is applied, 
the minimum axial force developed with spring in place is 
100 grams . . . When power is cut off, the spring retracts the 
rotor with minimum 50 gram force while rotor is rotating. 


1/200 to 200 horsepower 
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& MYERS 
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NYLON WASHER 


accomplish unique 
in IBM’S 727 magnetic tape unit! 


A 
UT 


SHAFT 
ROTATES 
AND 
MOVES 
AXIALLY 


Two of these special R&M motors are 
used in each of IBM’s 727 Magnetic 
Tape Units. They answer IBM’s need 
for a tape unit drive motor with a re- 
tractable capstan. The rotating shaft 
moves axially when the motor is started 
or stopped. 

A spring holds the rotor, shaft and 
capstan in retracted position when the 
motor is stopped. When started, as the 
motor attains synchronous speed, axial 
force created as the rotor centers itself 
in the field becomes sufficient to over- 
come spring resistance. The capstan 
moves into engaged position and sends 
the tape reels rolling. Another capstan 
on the opposite end of the shaft (at 


ROBBINS 


SPRINGFIELD, OHIO 


MoT 
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right in drawing) actuates two micro- 
switches as the rotor returns to retracted 
position when motor is stopped. 

Four additional R&M fractional 
horsepower motors perform other high- 
speed power tasks within the tape units 
—driving reels, rewinding, unloading 
tape and retracting guide mechanisms. 

R&M motors meet strict IBM engi- 
neering requirements: precise adapta- 
bility to special functions, capacity for 
lightning starts and stops, and absolute 
dependability. R&M can also design 
and build motors of highest quality 
designed to your exact specifications. 
For reliable fractional power, contact 
Robbins & Myers! 


MYERS. 10. 


BRANTFORD, ONTARIO 


56 @ A) “S3ey. @® 


) 
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Here’s Why--: 


Built-in Klixon Protectors 
in Single and Polyphase Motors 
Give You These Advantages 


T Me aitcitialehilelsm Olas uroliolae sillaaleltle 

@ Increased Motor Output Under 
Woh -143-8 Ge) alellivelats 

t Meri) olilitcre Ma arehiolan Gelaline) ts 

@ Reduced Motor Repairs And 
Replacement b 

@ Reduced Production Down Time Due 
[Kom -l¥ cal-xe Pi @lU a el iela: 


You Can’t Afford Not to use 
Single and Polyphase Motors 
with 


KLIXON-Protected Motors are a sure way to keep today’s 
rising operating and replacement costs down. 

Built-in by motor manufacturers as an integral part of the 
motor, the KLIXON Protector saves money and reduces equip- 
ment down time by keeping motors operating at their maxi- 
mum safe capacity under abnormal conditions. They enable 
you to get total output from your motors. 

Built-in KLIXON Protectors safeguard your motors and pre- 
vent overheating and motor burnouts caused by the following 
conditions — 

Prolonged overloads, unbalanced voltage, stalling, failure 
to start, increased ambient temperatures, lack of ventila- 
tion, plugging or reversing duty, single phasing. 

Specify ‘“‘KLIXON Protected Motors” on your purchase 
order . . . the savings are high . . . the advantages really 
worthwhile . . . the cost is low. 

Full details may be obtained from your motor salesman; or 
write us for literature which explains the advantages of built- 
in motor protection. 


METALS & CONTROLS M CORPORATION 


Spencer Division | 
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{1 3201 Forest St., Attleboro, Mass. 
KLixoN 
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GERMAN ENGINEERS USE 
MOLYKOTE TO SLIDE 944 
FOOT BRIDGE 60 FEET 


The relocation of a bridge of these 
dimensions without the use of rollers 
has not previously been reported. The 
weight of the bridge was approximately 
4,500 tons. 

The results of extensive testing at 
the Bavarian Testing Institute at Nuren- 
berg showed it to be more economical 
to move this bridge on girders lubricated 
with MOLYKOTE Type G than on roll- 
ers. 

When writing refer to Item 503. 


This bridge carries traffic of the Munich- 
Salzburg Highway over the Mangfall Valley. 


MOLYKOTE® OPERATES EFFECTIVELY OVER 
-300°F. TO 750°F. TEMPERATURE RANGE 


ATOMIC RADIATION DOES NOT AFFECT MOLYKOTE 





NEW MOLYKOTE “WEAR IN” 
COMPOUND REDUCES SURFACE 
DAMAGE RESEARCH PROVES 


During the critical wear in period, 
permanent surface damage, variously 
described as “galling”, “scuffing”, “scor- 
ing”, “tearing”, “scratching”, “excessive 
abrasion”, and “seizing”, is an inherent 
hazard. 


Cross section of ground steel surface. 
(Redrawn to scale.) 


When magnified, even highly pol- 
ished metals show surface irregularities 
as in the drawing above. 


MOLYKOTE “Wear in” Compound 
was developed as a result of extensive re- 
search. It drastically reduces the time 
necessary to accomplish wear in and 
eliminates the hazards. 


“Wear In” damage requires costly 
reconditioning of new equipment and 
the amount of damage left unrepaired 
has much to do with the useful service 
life of machinery. 


When writing refer to Item 502. 





LIFETIME LUBRICATION WITH 
MOLYKOTE BONDED COATINGS 


MOLYKOTE resin bonded lubri- 
cant coatings combine all the outstanding 
characteristics of MOLYKOTE with to- 
day’s most advanced air-drying and ther- 
mosetting resins. 


Roller Bearing Company, W. Tren- 
ton, N. J., process self-aligning bushings 
with a MOLYKOTE resin bonded coat- 
ing. This coating provides lifetime lubri- 
cation and protection against corrosion. 


MOLYKOTE resin bonded lubri- 
cant coatings are an amazing new devel- 
opment in the field of lubrication. They 
provide bearing surfaces with a wear- 
resistant film that has a low coefficient 
of friction. In many cases, the initial 
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treatment is sufficient to lubricate parts 
for the lifetime of the equipment. 
When writing refer to Item 504. 


Bunt 





Self-aligning bushing ured by Rol- 
ler Bearing Corporation of America, W. Tren- 
ton, N. J. 
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TYPE Z 


Extreme temperatures rule out the 
the use of conventional lubricants. They 
freeze solid at extremely low tempera- 
tures or form objectionable deposits at 
elevated temperatures. 


The missile age has further com- 
plicated lubrication problems. Not only 
must lubricants operate over a wide 
temperature range, but they must be 
unaffected by radiation, be capable of 
functioning in a vacuum, be compatible 
with liquid oxygen, and have indefinite 
storage life. 


MOLYKOTE Type Z meets all of 
these requirements and is the only lubri- 
cant known to operate over a 1050°F. 
temperature range (-300° to 750°F.). In 
inert atmospheres, MOLYKOTE Type Z 
is unaffected by temperatures as high as 
2000°F. 

MOLYKOTE assures nearly 100% 
protection against galling and seizing on 
all low velocity extreme bearing pressure 
applications. With MOLYKOTE, the co- 


efficient of friction decreases with in- 
creased loads and there is no tendency 


for it to be wiped away. The coefficient 


of friction with MOLYKOTE Type Z 


is .024 at 400,000 psii MOLYKOTE 
maintains its effectiveness in the pre- 
sence of all but a few strong acids. The 


problem of lubrication where abrasive 
dust contaminates the 
greatly reduced by MOLYKOTE dry 


atmosphere is 


films. MOLYKOTE Type Z conforms to 
MIL-M-7866A (ASG). It is the basic 
ingredient in the many MOLYKOTE 
types that are available to industry. 
When writing refer to Item 501. 


THE ALPHA-MOLYKOTE CORP., 
Stamford, Conn. 
Please send me details on 
Item 501 [1] =item 502 [J 
Item 503 [] =item 504 [ 
Name 
Company 
Address 
City 
State 

















Y Address your letter to The Alpha- 


Molykote Corp., 65 Harvard Ave., 
Stamford, “Research City”, Conn. 





Phone: Flreside 8-3724. 





The Human Eye, Noture's inspiration 
for the camera, can convert wavelengths 
of blue-green light measuring as little as 
400 microns into visual perceptions that 
are truly life-size. Yet this entire human 
mechanism occupies space less than 1” in 
diameter. 


Tiny New Potentiometer, shown 
actual size, is designed to add space- 
saving precision to missile and aircraft 
servo mechanisms. Two MPB bearings in 
it assure accurate, low-torque shaft rota- 
tion — a vitally important benefit in sub- 
miniature components. 


Man With Miracles. This is Maurice 
Heber?, one of MPB's Sales Engineers. 
He'll personally help you choose the cor- 
rect MPB bearing to reduce friction and 
increase the precision of your instruments 
— while keeping your operating costs low 
with trouble-free service. 


gic wet Bae ise tig ee oe sa : ee 


The Smaller The Better is often com- 
pletely true. Engineers now know that minia- 
turization is the surest method of developing 
new or improved components for many of the 
latest developments in modern industry. But, 
as components become smaller, the problems 
of maintaining high precision and long service 
life become larger — and the call for MPB 
bearings constantly increases. MPB answers 


68 


with the most experienced engineers in the 
miniature bearing industry, and advanced re- 
search facilities . .. producing over 500 types 
and sizes of bearings from %” O.D. down, 
with specials as required. We welcome your 
request for engineering advice, our catalog, 
or both. 

Write Miniature Precision Bearings, 
Inc., 201 Precision Park, Keene, N.H. 
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MINIATURE PRECISION 


VFB 


BEARINGS. INC. 


Helps you perform miracles 
in miniaturization 


ereeeeeeeeeeeeees, 


eeoeeee ee ere eee eee ee eeeeeeereeee 
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K and STEELFLEX are Registered Trademarks 


Cut disconnect-reconnect time 


by as much as 50% EASY AND QUICK TO INSTALL, 
DISCONNECT OR RECONNECT 


First, mount shaft hubs to allow proper 
distance between hubs; then, align driv- 
ing and driven units. 


The FALK Spacer Coupling is specially designed for quick installation or 
removal without disturbing the driving or driven unit. This feature can save 
you up to 50% in disconnect-reconnect time when critical equipment— Socend, conniens Giaeer to wee 
a process pump, for example—needs repair or replacement. between hubs and tighten cap screws to 


ll hubs into th istered fit. 
Here’s another saving: with the FALK Spacer Coupling, you can quickly en ee er eee ee 
To disconnect, reverse the second step. 


realign shafts without the usual loss of operating temperature! No dralaing of febdicen? nenemery: 


And still another: you can remove or reinstall the FALK Spacer as a unit 
without draining the lubricant. 


Because of its exclusive grid-groove Steelflex design, the FALK Spacer 
can accommodate residual misalignment—parallel, angular, or (most 
important) both. Also, it provides torsional resiliency that cushions shock 
and vibration. Thus it saves wear-and-tear on your connected equipment. 
To prove these claims and enjoy these savings, install a FALK Spacer The heart of the FALK Spacer 
.. the basic Type F Steelflex 


on one application—and see for yourself. Consult your FALK Representa- 
Write for Service Manual 4838 


tive or Authorized Distributor. 


THE FALK CORPORATION, MILWAUKEE 1, WISCONSIN 
MANUFACTURERS OF QUALITY GEAR DRIVES AND FLEXIBLE SHAFT COUPLINGS 
Representatives and Distributors in many principal cities. 
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SOLENOID 
CHATTER 


ELIMINATED... 


with the NEW NAMCO 


Stainless Steel Ways 


Stainless Steel 
Retainer 


* 
y 


Flush 
Riveted 
Armature 
Frame 


Stainless 


Steel * ae / . _- |) ......$S0 quiet in its closed position, so 


Coil Liner 


Coil 
Core 


Mounting 
Holes 


THE NATIONAL 
ACME COMPANY 
188 East 131st Street 
Cleveland 8, Ohio 
Sales Offices: Newark 2, N. J., Chicago 6, Ill., Detroit 27, Mich. 
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rugged, so adaptable to any design 
problem, your application headaches 
are reduced to mere details! 


Its noiseless holding operation permits sole- 
noid applications never before considered 
practical. The usual chatter and clatter in 
the closed position is eliminated by a unique 
design that provides a positive three-point 
contact in the “holding position.” Add to this 
Namco’s stainless steel ways that provide 
improved performance and longer life; supe- 
rior electromagnetic qualities, and the 
result is a silent performer you can’t afford 
to overlook. 


Namco standard solenoids are available 
in a wide range of pull and push types. 
Custom-engineered solenoids in every size 
capacity and type can be made to meet your 
specifications. Write us about your applica- 
tion problems stating specific requirements. 
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EC-1357 by 3M Sprays on Smoothly 
for Stronger Sandwich Bonds! 


3M ADHESIVE EC-1357 MINIMIZES COBWEBBING IN SPRAY APPLICATIONS FOR BETTER SURFACE-WETTING, FAR BETTER ADHESION. 


Solvent blending makes the big differ- 
ence! Exact amounts of several sol- 
vents are skillfully mixed to achieve 
the precise blend required for a superior 
sandwich-bonding adhesive. The re- 
sult: spray application is easier, greatly 
reduced cobwebbing saves materials, 
better surface-wetting provides far 
better skin-to-core adhesion. 


With EC-1357, sandwich structures 


can be bonded on a cold press or nip 
roller to provide high ultimatestrength. 


For use with or without force-drying, 
EC-1357 can be adapted to the widest 
variation in production-line tech- 
niques and speeds. Good to excellent 
immediate bonding strengths are 
achieved, depending on the drying 
method used. Because it is dark- 
colored, EC-1357 absorbs infrared heat 
fast. For a similar, light-colored ad- 
hesive, investigate EC-1368. 


The high moisture- and weather- 
resistance of EC-1357 and EC-1368, 


plus their capacity to hold fast through 
a wide temperature range, make them 
ideal in unusually severe climates. 


SEE WHAT 3M ADHESIVES CAN DO FOR YOU! 
For technical assistance, contact any 
one of our 19 branch offices located 
in principal cities throughout the 
United States. Six plants provide local 
service for faster delivery. For free 
literature, write: A., C. & S. Division, 
3M, Dept. Q-1, 900 Bush Avenue, 
St. Paul 6, Minnesota. 


ADHESIVES, COATINGS AND SEALERS DIVISION gas =< 
MIINNESOTA JINING AND JUFANUFACTURING COMPANY eG 


++» WHERE RESEARCH IS THE KEY TO TOMORROW Sa 
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stitching 
together 
a giant 
radome 


Radome designed and built by Long Sault 
Woodcraft Limited, St. Andrews East, Quebec, 
for the United States Air Force RADC. 


Radar antennae along the upper perimeter of North 
America’s defense system are enclosed by protective 
domes which stop ice, snow, and gales up to 150 mph. 

This precisely engineered pattern of fiberglass 
panels is erected quickly and surely, under the most 
adverse field conditions, using recessed Simmons 
DUAL-LOCK fasteners. 


DUAL-LOCK is ideally adapted to panel fastening 
for military shelters, demountable shipping contain- 
ers, aircraft cowlings and guided missiles. 


Features: 

e High load characteristics. The standard No. 1 
DUAL-LOCK withstands 2500-lb. tension, and with 
modifications, tension loads of 7000 lbs. and over. 

e Double-acting take-up provides great closing pres- 
sure, with minimum pressure on operating tool. 


Looking upward from the inside of the world’s largest 
stressed skin sandwich radome built of translucent fiberglass panels, 
securely joined by hundreds of DUAL-LOCK fasteners. 


e Positive-locking. Trigger action insures fully open 
and fully closed positions. 

e Vibration-proof and impact-proof. Will not acciden- 
tally unlock or loosen. 

Write for catalog 41257. Complete specifications, 

drawings, details of DUAL-LOCK and other Simmons 

Fasteners with unlimited money-saving applications. 

aie 


SIN NONS FASTENER CORPORATION 


1756 North Broadway, Albany 1, New York 


QUICK-LOCK ° SPRING-LOCK . DUAL-LOCK 
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See our catalog in Sweet’s Product Design File 


ROTO-LOCK ° LINK-LOCK ° HINGE-LOCK 
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Buy 10%-15% longer bearing life with 


i\orit) TRUE CROWNED Roller Bearings 


Competitive tests of AETNA True 
Crowned Roller Bearings with standard 
roller bearings by leading machinery 
builders on identical equipment, with 
identical load stresses, proved conclu- 
sively, ‘time and time again, that AETNA 
True Crowned Roller Bearings have a 
10% to 15% longer service life. 

There is no premium for this True 
Crowned bearing surface. AETNA engi- 
neers recommend True Crowned roliers 
because this design provides the best dis- 
tribution of stresses across the full length 
of the roller. You simply buy longer serv- 
ice life at the same cost by specifying 
AETNA. 

The reason for longer bearing life is 
apparent in these drawings: 


OW Each roller incorporated into AETNA 


Roller Bearings is carefully ground to a 
< fine finish with a large radius to relieve 

\ CNN) the high stress point present where two 
Sees aalind dene ada elie cylindrical bodies are in rolling contact 
the line of and under load. The crown radius is 
scientifically determined and varies with 


roller-to-race contact. 
ss the size of the roller. 
rp AETNA stocks pure radial cylindrical 
R 


roller bearings, and is equipped to supply 

view of AETNA True Crowning, pure thrust or special types with stand- 
ec ~ ae s o cam aaa ard, precision or super-precision toler- 
\ ances in special alloys to give longer life 
to your products. Call your local AETNA 
representative listed in the yellow pages 
of your Classified Phone Book, or write 
a today for General Catalog and Engineer- 

ing Manual—new 15th Edition. 




















" - 
ae 
- 








Greatly improved stress pattern on a true crowned 
roller. at the line of roller-to-race contact. 


DIVISION OF PARKERSBURG-AETNA CORPORATION ° 4600 SCHUBERT AVE. ° CHICAGO 39, ILL. 


AETNA BALL AND ROLLER BEARING COMPANY 
Aetna 
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Who cares about your 
Wire Cloth Fabrications? 
CAMBRIDGE does... 


that’s why you automatically get service 
with your order . . . whether you need 
dozens of midget strainers or a single 
giant-sized retaining screen. 
Careful, competent workmanship and 
constant inspection assure you of quality 
modern machinery and accurate 
scheduling assure you of prompt delivery. 
And, a Cambridge Field Engineer follows 
up your order to make sure our product 
is giving you the best possible service. 
Let us quote on your next order for wire 
cloth fabrications. We manufacture wire 
cloth from any metal or alloy—including 
titanium—in nine basic weaves. We'll 
work from your prints or draw up prints 
for your approval. Call your Cambridge 
Field Engineer . . . he’s listed in the yellow 
pages under “‘Wire Cloth’’. Or, write for 
FREE 94-PAGE CATALOG. 


The Cambridge 
Wire Cloth Co. 


Department N e Cambridge 1, Md. 


Manufacturers of Wire Cloth, 
Metal-Mesh Conveyor Belts, Wire Cloth Fabrications 
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Need Infinite Speed Adjustment—Accurate Control? 





DYNANATIC 


FRACTIONAL HORSEPOWER 


Parker Majestic No. 2 Universal Grinder is equipped with two 
Ajusto-Spede Drives. One drive, mounted on the headstock, 
rotates the work against the grinding wheel. Another drive 
operates the table feed. Both work speed and table speed are 
infinitely adjustable to suit varying conditions. 


A Dynamatic Ajusto-Spede 
Drive provides infinitely ad- 
justable table feed speeds on 
a Gorton Mastermil. Stepless 
adjustment permits the oper- 
ator to select the proper table 
speed for maximum efficiency 
in machining all metals, 


Harnischfeger Welding 
Positioner WP-1 uses an Ajusto- 
Spede Drive and gear reducer 
to rotate welding table. Table 
speeds are infinitely adjustable 


from zero rpm to 4.47 rpm. ° 


Drive tilts with table to the 
position desired by the operator. 


AJUSTO-SPEDE® DRIVES 


W herever infinite adjustment and accurate control of 

speed are required for proper machine operation, 
satisfied users are realizing improved machine perform- 
ance and product quality through the use of Dynamatic 
Ajusto-Spede Drives. Stepless adjustment from zero to 
full output speed, and accurate control of any speed 
within the range, permit operation at the exact speeds 
required. 


Ajusto-Spede Drives operate on standard 115/220 volt 
alternating current, requiring no special power source. 
The compact drive with its integral control system needs 
no wall space, and requires little space on the driven 
machine. These drives may be mounted in any position, 
providing great versatility of application. Twelve models 
are available in ratings from 1/4 hp at 1650 rpm through 
1 hp at 3200 rpm. 


Before you specify a fractional horsepower drive for 
your product or plant equipment, check the many ad- 
vantages offered in the Dynamatic Ajusto-Spede Drive. 


Send for Your Free Copy of Illustrated Bulletin FAS-6 


which Describes Dynamatic Ajusto-Spede Drives 


Vibration Fatigue Testing Machine manufactured by the All 
American Tool and Mfg. Company employs an Ajusto-Spede Drive 
to operate a vibrating table at various speeds for testing instru- 
ments and electrical components. 





DYNAMATIC DIVISION 





EATO 


January 22, 1959 
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How the copper metals can improve 
production as well as the product 


How freely can you design for performance? How inhibited 
are you by the production requirements of your equipment 
and your materials? 


When the materials of design are the copper metals, there 
are many ways, old and new, of converting the pilot model 
into mass production. In fact, the production versatility of 
these metals is as important as are their functional advan- 
tages. The facility of copper and its alloys for forming, 
machining, joining and finishing gives the product engineer 


greater latitude by helping him solve the other design prob- 
lem — the problem of production. 
Forming Methods 

Various of the copper metals have the ductility for easy spin- 
ning, stamping, pressing, cupping and deep-drawing. They 
have the malleability for intricate and accurate forging, 
cold heading, coining, embossing, extruding, knurling, swag- 
ing, etc. Many are readily machinable at high speeds and 
feeds. They can be cast into large or intricate shapes. Copper 
and its alloys can be easily soldered — or, for even stronger 


DESIGN FOR PRODUCTION is often aided by the copper metals. 
These screw machine parts (shown slightly larger than 
actual size) for gas conversion appliances are mass-produced 
at the rate of millions per year. They require a wide range 
of secondary machining operations, such as slotting, mill- 
ing and cross drilling. Free Cutting Brass has the machina- 
bility and uniformity to help keep production high and 
efficient, no matter how exacting the operation. Some of 
the orifices, for example, must be made with drills as 
small as No. 80 (.0135”). 





joints, brazed with either silver-base or copper-base alloys. 
Many of the copper alloys can also be economically joined 
by modern methods of arc welding and oxyacetylene weld- 
ing. Some of these methods are entirely automatic. 


Manufacturing Economies 


A number of factors, besides easy forming, machining and 
joining, are resulting in considerable savings in the fabri- 
cation of the copper metals. These include reductions in 
manufacturing time due to preforming, reductions in scrap 
due to the availability of custom shapes from the brass 
mills, and the high resale value of the limited scrap produced. 


Die-pressed forgings and special extrusions of precise 
cross-sectional form are among these important cost savers. 
For example, the brass yoke of the float valve shown at right 
was formed from an extrusion at a savings of 40%, in time 
and metal, over previous methods. An extruded shape costs 
more per pound than standard rod or bar, but the reductions 
in machining, forming and finishing costs may save you far 
more than the difference in initial price. 


Automation Requirements 


The copper metals can make automation more efficient. 
Machinability is one of the reasons. Many of the alloys can 
be milled at high speeds and feeds. Tools last longer and 
downtime is reduced. 


Longer continuous runs are also made possible by the 
long lengths that the mills can now supply. The barrel-feed 
coils of wire and the extra-length coils of strip shown above 
are widely available. Greater-than-mile lengths of .005” 
gauge Cartridge Brass, 70%, for example, are frequently 
supplied for use in presses, eyelet machines or roll formers. 


These recent developments in the copper industry, and the 
fabrication properties of the copper metals themselves, let 
you take full advantage of these metals by helping you to 
solve “the other design problem” — design for production. 
A 16-page reprint of “How to Get More for Your Metal- 
working Dollar — Copper and Brass” is available from the 
Copper & Brass Research Association, 420 Lexington Ave- 
nue, New York 17, New York. 


A 
« LESS DOWNTIME and less handling result from longer lengths of brass 


mill products. The barrel-feed coils at left feed a continuous hinge 
machine for conversion to hinge pins. Long coils of strip above are 
being drawn into cups in the press, 


CUSTOM EXTRUSIONS SAVE 
40% in the fabrication of 
this brass yoke for a ball- 
float valve. Custom extru- 
sions like this save both 
metal and manufacturing 
time. They machine readily, 
are accurate in dimensions, 
and are available in long 
mill lengths to facilitate au- 
tomatic operations. 
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Fenwal THERMOSWITCH Temperature Controls are 
enclosed in a tamper-proof assembly that’s built to 
take grueling punishment — and stay highly accurate, 
uniformly sensitive throughout the operating range — 
and its range is three to five times that of an ordinary 
thermostat! 


That means you can run your machine at greater 

speeds ... your machine will require less maintenance! 

It means greater flexibility for your machine — greater 

9 sales for you — and all at a low first cost. 

It ) a Even the assembly of a Fenwal THERMOSWITCH unit 
is easier and cheaper! The application of Fenwal 

THERMOSWITCH units are limitless — they’re being 

used in planes... factories... ships... hospitals... 


tou g h life homes. . . laboratories — used almost any place where 


temperature is a factor and accuracy is a must! 


Drop us a line at Fenwal Incorporated, 191 Pleasant 
Street, Ashland, Mass. and we'll send you our catalog 
but the s ensitive MC-135 or our sales engineer, whichever you want. 


Fenwal THERMOSWITCH? unit takes it in its stride 


This is our 17000 series (we’ve got 25,000 other variations 
with the operating ranges from —100°F to 600°F) in use in 
Master Jet Frymaster. The Fenwal control gives the ma- 
chine rapid, preci-e response; greater reliability — even 
makes it more econ: ical by conserving cooking fat and gas! 





CONTROLS TEMPERATURE... PRECISELY 
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Modern Automation revolutionizes age-old sport of bowling 


It’s a far cry from the old “bowling alleys” and pinboys to today’s ultra- 
modern, multi-lane bowling centers which attract millions of new bowlers 
each year. Much of this phenomenal growth and popularity dates from 

of aut tic pinsetting machines which speed up the 
game, free it from dependence on pinboys and permit bowling around 
the clock. 





Brunswick Automatic Pinsetters help maintain trouble-free precision 


with widespread use of ORANGE ROLLER BEARINGS 


Few industrial machines can surpass the Bruns- 


wick Automatic Pinsetter for ingenious design— 
precision automation—or application of the most 
advanced mechanical principles and components. 


In designing and selecting bearings for the many 
rotating, cam and oscillating motions in the 
pinsetter, Brunswick engineers worked closely 
with Orange engineers. From the wide range of 
Orange bearing types available, Brunswick ob- 
tained the most efficient type and construction of 
bearing for each specific requirement. 


The solution to your bearing problems is as con- 
venient as the Orange representative in your area. 
Call on him for engineering advice and informa- 
tion on Orange Roller Bearings. 


Write for 40-page Engineering Reference Manual giving 
specifications on complete line of Orange Roller Bearings. 


ORANGE 


SEALED 
Cage Type \ Full Type 
NEEDLE BEARINGS a= | NEEDLE BEARINGS 


Used in deck lift 
shaft assembly and 
in drive worm in- 
put shoft. 


Used in jogger arm 
assembly and pit 
conveyor vibrating 
arm. 





ORANGE ; , ss ORANGE 
FOLLOWERS ‘ 4 cam 
YOKE 


Used in clutch re- Used on scissor cam lever in gear box; 
set lever and on also on rake shaft and as a rake com 
the deck assembly. follower. 





ORA‘iGE ROLLER BEARING CO., Inc. 


556 Main Street, Orange, N. J. f 
Needle Bearings — Staggered Roller Bearings 





ORANGE 


te) @ m4 B EARINGS Journal Roller Bearings — Thrust Roller Bearings 


Cam Followers 
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Typical installation of a ‘‘cartridge’’ of multiple Belleville 


washers in a clutch, such as in a machine tool drive. 


Where loads are high, operating space limited, and 
conventional spring forms fail to qualify, Belleville 
washers in the form of an Energy Cartridge can be 
a welcome solution. Two such conditions are 
illustrated here. 

By preassembling the washers in a single compact 
unit held together by pins or posts, installation 
is simplified and error is prevented in stacking 
loose washers in sequence. For varying loads, many 
combinations are available: in series, parallel or 
parallel series. 


Associated Spring Corporation 


Wallace Barnes Division, Bristol, Conn. and Syracuse, N. Y. 
B-G-R Division, Plymouth and Ann Arbor, Mich. 

Gibson Division, Chicago 14, lll. 

Milwaukee Division, Milwaukee, Wis. 
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Raymond Manufacturing Division, Corry, Penna. 
Ohio Division, Dayton, Ohio 

F. N. Manross and Sons Division, Bristol, Conn. 
San Francisco Sales Office, Saratoga, Calif. 


Typical installation of a “cartridge” of multiple 
Belleville washers in a shaft seal. 


Some uses of 


Belleville Washers 
as a spring 
ENERGY CARTRIDGE 


Belleville washers may be used for vibration isola- 
tion, as spring mountings for punch and impact 
presses, or to maintain constant pressure. For fur- 
ther information, write for pamphlets “Belleville 
Springs” and “Energy Cartridge.” For engineer- 
ing and production assistance on large or small 
requirements, contact the nearest A.S.C. Division 
listed below. 


General Oftices: Bristol, Connecticut 


Seaboard Pacific Division, Gardena, Calif. 
Cleveland Sales Office, Cleveland, Ohio 
Dunbar Brothers Division, Bristol, Conn. 
Wallace Barnes Steel Division, Bristol, Conn. 


Canadian Subsidiary: Wallace Barnes Co., Ltd., Hamilton, Ont. and Montreal, Que. Puerto Rican Subsidiary: Associated Spring of Puerto Rico, Inc., Carolina, P.R. 
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Standard mount electric 
motors of your choice. No 
{ specials required. 


You save money 
f° Separate mounting 


, plate insures correct 
alignment and max- 
imum pump life. 


and time 
applying Hydralics 
i 


when you buy the... 








Side “extensions support 
tank above floor, providing 
complete air circulation for 
maximum heat rejection. 


Corrosion protection—in- 
ternal tank surfaces sand- 
blasted and specially 
painted. 


New baffle plate improves 
fluid circulation. 


Vickers Custom Built Power Package . . 
ready to connect and operate. 


factory pretested... 


All components mounted 
outside tank for easy access. 


Easily read accurate fluid 
level indicator. 







Large removable covers 
on both ends for con- 
venient cleaning. “‘Filler 
Cap” end cover can be 
located at either end 
of tank. 





Inlet strainers can be re- 
moved and cleaned without 
disconnecting components 
Or pressure piping. 


Easy accessibility to drain 
plug. 


. complete... 








You save time and expense of design, 
layout, multiple purchasing, and assembly 
when you buy the Vickers package. You 
are assured of component compatibility 
and Vickers undivided responsibility and 
guarantee for the entire hydraulic package. 


A Vickers Custom Built Hydraulic Power 
Package is a “complete unit”. . . 

factory pretested, ready for you to connect 
and operate. Designed and professionally 
built to your specifications. 


Call in a Vickers Application Engineer 
or write for Bulletin 5001B. 


Application Engineering Offices: ATLANTA « CHICAGO* « CINCINNATI « CLEVE- 
LAND « DETROIT* « GRAND RAPIDS « HOUSTON « INDIANAPOLIS « LOS 
ANGELES AREA (El Segundo)* « MILWAUKEE © NEW YORK AREA 
(Springfield, NJ.)* © PHILADELPHIA AREA (Media) « 





VICKERS INCORPORATED 


DIVISION OF SPERRY RAND CORPORATION 







PITTSBURGH AREA 
(Mt. Lebanon) «e PORTLAND, ORE. « ROCHESTER ¢ ROCKFORD e SAN FRANCISCO 
AREA (Berkeley) « SEATTLE* « ST.LOUIS « WORCESTER « Factories also 
in: Australia, England, Japan and Germany « in Canada: Vickers-Sperry of Canada, 
Ltd., Toronto,* Montreal and Vancouver 
Field Service Headquarters Underlined. Whse. Stock & Repair Branches*. 





Machinery Hydraulics Division 
ADMINISTRATIVE and ENGINEERING CENTER 
Department 1430 e Detroit 32, Michigan 
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OF OIL HYDRAULIC EQUIPMENT SINCE 1921 


ENGINEERS 





MCGILL. CF C4MROL bearings 


eliminate the cost of producing and assembling 
improvised cam follower, track and guide roller units 


THESE CAMROL ADVANTAGES SOLVE COST, DESIGN, 
PRODUCTION AND PERFORMANCE PROBLEMS: 


e AVAILABILITY « INTEGRAL UNIT CONSTRUCTION 
e HIGH LOAD CAPACITY e SMALL RADIAL SPACE 
REQUIREMENTS * HIGH SHOCK RESISTANCE e PRE- 
CISION ACCURACY e« SIMPLIFIED LUBRICATION 


You can simplify design and cut cost with CAMROL, pre- 
cision cam followers. Procurement, production and 
assembly of components for improvised units are elimi- 
nated when you specify CAMROL bearings that are avail- 
able from stock. 


McGill developed the original roller bearing cam follower 
and perfected the CAMROL design through 25 years of 
application experience. Its full type construction provides 
exceptionally high capacity in an integral unit of a 
flanged, specially heat treated stud and heavy shock re- 
sistant outer race. Grease lubrication is simplified. Plain 
bearings require constant oil lubrication and bolt mounted 
ball bearings races crack under equivalent loads. 


Precision construction, including concentricity of stud to 
outer race OD, provides accurate alignment of machine 
members. Ease of interchangeability and dependable 
operation in any cam action, track, guide or support 
roller application is assured. Use the CYR series in the 
same roller diameters for shaft mounting. 
PRE-LUBRICATED SEALED 
CAMRGi BEARINGS 


These bearings combine the advan- 

tages of CF and CYR series bear- 

ings plus effective sealing against dirt, 

dust and grit. Ideal in applications 

where lubrication is a problem. Black 

ferrous oxide finish resists corrosion 

in contaminated areas. 

CAMROL bearings are available in standard roller diameters 
from %” to 4”. Capacities to 20480 lbs. at 100 RPM. 


WRITE FOR FREE CATALOG NO. 52-A 


engineered electrical products — 


Me Gite 


precision needle roller bearings 


McGILL MANUFACTURING COMPANY, INC., BEARING DIV., 200 N. LAFAYETTE ST., VALPARAISO, INDIANA 
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You ean machine them with confidence 


When gears are made from Bethlehem forged-and- 
rolled blanks, machinists oftea report faster progress 
and a better finished job. The blanks are so sound, 
and have such excellent grain flow, that even the 
‘“*touchiest”’ machining can be done with confidence. 

Asked what he likes best about these blan‘xs, a 
veteran production men answered, ‘“They’re easy to 
machine. When you’re cutting teeth, you need metal 
that’s clean and solid all the way through.” 

But there’s another important advantage— 
strength. Bethlehem’s forging-and-rolling process, 


BETHLEHEM STEEL 
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unduplicated anywhere, assures the high strength 
always needed for heavy-duty products. Because of 
this, the blanks are unsurpassed for gears, crane and 
sheave wheels, turbine rotors, flywheels, pipe flanges, 
and other circular parts. Available heat-treated or 
untreated, they can be furnished in sizes from 10 
to 46 in. OD. Write for Booklet 216. 


BETHLEHEM STEEL COMPANY, BETHLEHEM, PA, 

On the Pacific Coast Bethlehem products are sold by 
Bethlehem Pacific Coast Steel Corporation 

Export Distributor: Bethlehem Steel Export Corporation 
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creative designing calls for an open mind 
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Leonardo Do Vinci's design for an odometer Model courtesy of IBM 


EVEN DA VINCI’S ODOMETER COULD HAVE BEEN 
BETTER WITH HELP FROM AN SS ENGINEER. 
An S88 engineer can afford to concentrate on your bearing problem rather than his 
own product line—because the SSS line includes all four types of ball and roller 
bearings in many thousands of sizes. This gives him the kind of flexibility he needs to 
keep an open mind on any bearing problem. Give your problem to Si and see. 78% 
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— EVERY TYPE-EVERY USE 


SKF INDUSTRIES. INC. PHILADELPHIA 32. PA. 


Spherical, Cylindrical, Ball, and “Tyson Tapered Roller Bearings 
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ELLIPTICAL AND 


OVAL GEARS 


produced accurately 


and economically 


Dati now, owing to production difficulties, the 
design advantages of oval or elliptical gears 
have rarely been realized. Now Fellows has de- 
veloped a unique method of generating these 
gears rapidly and economically. This new 
method minimizes the difficulty of wide varia- 
tions in backlash experienced with such gears 
cut by previous methods. Full or modified in- 
volute teeth are produced to a higher degree of 
accuracy than was ever possible before on gears 
of this type. Production in any quantity is as 
simple as in cutting conventional cylindrical 
gears, once the setup has been made. 


Fellows Modified 36-Type Gear Shaper gener- 
ates elliptical or oval gears by continuously 
varying the center distance between cutter and 
gear during the cutting operation. A contour 
cam (A) and follower move the saddle the re- 
quired amount in timed relationship with the 
rotation of the eccentric cutter-spindle adapter 
(B) to produce the gear pitch line contour. 


THE 


PRECISION 


LINE 


FELLOWS MODIFIED 
36-TYPE GEAR SHAPER 


In addition to oval and elliptical gears up to a 
maximum pitch diameter of 18”, the Modified 
Fellows 36-Type Gear Shaper can produce a 
remarkable variety of irregular contours at 
high production rates. Two cams, a cutter- 
spindle ‘adapter and a cutter are required for 
each gear or other shape specification. For 
further information, get in touch with any 
Fellows office. 
THE FELLOWS GEAR SHAPER COMPANY 
78 River Street, Springfield, Vermont 
Branch Offices: 
1048 North Woodward Ave., Royal Oak, Mich. 
150 West Pleasant Ave., Maywood, N. J. 
5835 West North Avenue, Chicago 39 
6214 West Manchester Ave., Los Angeles 45 


Gear Production creed 
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Manufacturers of Packaging Machinery specify .... 


HELM Uuibal SPHERICAL BEARINGS 


AND ROD ENDS 


Bottles, jars, tubes, and a variety of articles are fed from 


Cartoning machines fold package inserts and assemble them 
with the bottle or vial, insert them in a carton and deliver 
the finished package ready for shipment 

Rotary Fillers draw liquid or semi-liquid materials into a cyl- 
inder and discharge them, in accurately measured amounts, 
into containers. 

Casers assemble a load of cans, and insert the load into a 
case — at unusually high speeds 

The Steriseal machine is used for high production steam 
vacuum sealing of glass containers, 


the labeling machine to the cartoner which opens the fold- 
ing box, inserts the contents, then tucks and delivers the 
complete package. 

The Cigar Wrapper-Bander cellophane wraps and bands cigars 
faster than two a second. 

Folding trays, for tomato packaging and other types of fruits 
and vegetables, are formed from flat stock 

Imprinting of the package is done in one pass through some 
machines. 


The motions involved in the push-pull linkages of this automated machinery 
are intricate and ingenious. Heim Unibal Spherical Bearing Rod Ends are used 
where it is necessary to correct inherent misalignments, and where close accu- 
racy of fill and smooth operation at each station are mandatory. 

They are used as suspended bearing supports for belt rollers. They change 
motion from vertical to horizontal plane, and vice versa. 

The Unibal Spherical Bearing is exactly right as the support on one end of a 
helicoid timer, where a rotating shaft moving in all directions requires a focal 
point or fulcrum. 


Quick and simple push-pull linkage assemblies are possible 
with one female threaded and one male threaded Unibal rod 
end. There is practically no limit to the length of linkages 
possible, 


Lb = 








WRITE FOR CATALOG 
WHICH GIVES COMPLETE DATA, 
OR LET OUR ENGINEERING 
DEPARTMENT HELP WORK OUT 
DETAILS OF YOUR APPLICATIONS. 


THE HEIM- COMPANY 


FAIRFIELD, CONNECTICUT 
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HOW TO "INCH" AN AIR CYLINDER 


You can set it up for single cycle control or 
synchronize it with related elements for repeat 
cycling with precision accuracy. This 

Bellows Air Motor-Hydro-Check unit is available in 
standard stroke lengths up to 18” and in five bore sizes: 
1%”, 13%4”, 242”, 354”, and 442”. 


Not all pneumatic applications require the range of 
control provided in this Bellows unit, of course. 

But, regardless of the type of control you require, you 
can obtain it in Bellows Air Motors, and usually in 

the form of one compact, complete, packaged unit — 
simple to install — doubly simple to control. 


THESE BULLETINS CONTAIN THE STORY 


Bulletins BM-25 and HC-602 give full details 
on Bellows Air Motors and Hydro-Checks and 
the Bellows System of Air Control. There’s no 
charge. Write Dept. MD-159, The Bellows Co., 
Akron 9, Ohio. In Canada, Bellows Pneumatic 
Devices of Canada, Ltd., Toronto 18, Ontario. 


The Bellows Co. 


Otviston INTERNATIONAL BASIC ECONOMY CORPORATION 


AKRON 9, OHIO 
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Here’s why Dayton’s experience 
in supplying 76% of the V-Belts for 
Variable Speed Drives can help you 


Virtually every problem present on amy V-Belt drive must 
also be met in building a V-Belt to meet Variable Speed 
Drive specifications. 


In addition, two problems must be overcome, whose 
difficulty of solution puts V-Belts for variable speed use on 
the highest level of V-Belt design. These two problems are: 
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1. Need for extreme longitudinal flexibility coupled 
with tremendous transverse rigidity to accommodate sub- 
diameter pulleys and maximum axial pressures, and, 


2. Need for a V-Belt of minimum width and thickness 
capable of meeting the requirements of a full speed range 
plus the ability to maintain exact speeds at each level. 


The ever-increasing market for variable speed drives of 
higher capacities and greater speed ranges requires a con- 
tinuing program of V-Belt development. One of the most 
successful V-Belt designs resulting from this program is 
the exclusive Dayton Variable Speed Cog-Belt.* 


The Dayton Cog-Belt is the closest approach to the 
theoretical ultimate in V-Belt design, offering the highest 
pull-out torque of any V-Belt made. For its effective depth 
it provides a higher degree of longitudinal flexibility than 
any other V-Belt design and is capable at the same time of 
withstanding maximum axial pressures. These are among the 
reasons it is especially adaptable to variable speed service. 


Variable speed drive manufacturers have, through ex- 
perience, become convinced of the tremendous worth of 
Dayton’s exclusive V-Belt designs and Dayton’s skill in 
developing internal constructions to meet high and rigid 
requirements. As a result, Dayton supplies 76% of the 
V-Belts for the variable speed market. 


For this rugged sheet metal press, Dayton Double Cog-Belts »ro- 
vide maximum longitudinal flexibility, extra strength ani! durabi-ity 
to take the high loads, high starting torques of the horizonti 
Variable Speed drive motor. Exclusive Double Cog desig : permi*s 
use of minimum width pulleys. 
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Vertical variable speed motor on this automatic Glue Spreader re- 
ceives full, non-slip power from Dayton Variable Speed Cog-Belts. 
Exclusive double Cog design offers instant speed changes, assures 
maintenance of constant speeds for all operations. 


Tremendous crosswise rigidity is provided by Dayton Double 
Cog-Belts to maintain precise speed control. Greater surface area 
tapidly dissipates heat of flexing, prevents heat build-up. Light 
weight reduces centrifugal forces and internal stresses. 


Dayton’s experience in building special V-Belts extends 
into every major field of V-Belt drive design. 


In agriculture, heavy duty variable speed drives are used 
as traction drives on self-propelled farm implements. 


In railway, V-Belts for under car drives for lighting, 
heating and air conditioning, are required to meet a whole 
new set of conditions, among them being extremes of 
weather, misalignment and continuous service. 


in household appliances, Dayton is expert in designing 
and producing FHP V-Belts which will give long, efficient 
service “vith almost no maintenance. 


In industry, conditions which require special belts vary 
from the space and weight limitations of machine tool 
manufacturers, to the “full surge” loads which hit a set 
of V-Belts when peak power is applied instantaneously. 


For the answer to your drive problem, whatever it is, 
contact the V-Belt manufacturer who supplies 76% of the 
teughest V-Belt drive market in the world — The Dayton 
Rubber Co., Ind. O.E.M. Div., Dayton 1, Ohio. 


Dayton’s exclusive Cog design operates at maximum efficiency 
over the widest range of speeds. Still, it lends maximum cross- 
wise rigidity to prevent squashing under heavy impulse loads. 
With surer gripping raw edges, Dayton Variable Speed Cog- 
Belts are double assurance of accurate control at all speeds. 


Dayton Rubber 


WORLD’S LARGEST MANUFACTURER OF V-BELTS 


tadustrial Sales Engineers in Atlanta, Chicago, Cleveland, Dallas, Dayton, Minneapolis, Moline, New York, 
San Francisco and St. Louis 
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bAlow can they know that they’re getting 
out of your product all the performance you 
build into it — unless you also build int« 

it a Veeder-Root Counter as « standard 
part? Then they have a runn..ig record of 
performance that shows them where th2: 
stand every minute of the working day... 
and a record that proves your product’s 
guarantee. What’s more, it gives you a 

new plus in selling. 


How to build it in? Count on us to show you. 
Write, or phone JAck on 7-7201. 





¥ 








New “Count-Pak”, acomplete electronic count- 
ing package for use where high speed, long 
life and instant reset are required. Rated at 


Vary-Tally Multiple Unit 
Hand-operated Counter. 
» Easy keyboard action. All 


New High-Speed Predetermining 
Counter, Series 1522, features instant 
lever reset plus quick and easy setting 


gn 


, units on same row reset 
instantly to zero with one turn 
of knob. Supplied in practically any 
number of units, in any arrangement. 


Everyone can Count on 


of predetermined number. Speeds up 
to 6,000 rpm. Also supplied without 
predetermining feature. 


20,000 counts per minute (with added decade 
speeds run up to 200,000 cpm). Completely 
transistorized. Photohead adaptable to any 
job. Several other ‘“‘Count-Paks”’ available. 


Veeder-RooOt wn. 


HARTFORD 2, CONNECTICUT 
Hartford, Conn. * Greenville,S.C. * Altoona, Pa. * Chicago 


® 
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New York « Los Angeles * San Francisco * Montreal 
Offices and Agents in Principal Cities 
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LINK-BELT motor couplings... 


geared for top economy and long wear 


EW! 


Durable, lightweight design consists 
of two externally geared steel hubs, 
which engage flexibly with an in- 
ternally geared steel sleeve — all 
enclosed in a protective two-piece 
metal cover. Synthetic rubber O- 
rings and felt hub seals effectively 
retain lubricant and exclude out- 
side contamination. 


angular 
misalignment 


parallel 
misalignment 


Link-Belt Motor Couplings accommodate 
free angular and parallel misalignment. 
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Now you can afford flexible geared couplings on small electric motor 
applications. New Link-Belt MC motor couplings are geared couplings—the 
established standard of performance throughout industry. And at a new low 
price, these couplings are no longer too expensive for smaller motor applications. 

High c-pacity and durability are embodied in the all-metal design. Assembly 
or disassembly is quick and easy . . . fast-acting quarter-turn spiral cam fasteners 
are a permanent part of the cover. No loose nuts or bolts. 

Equipment manufacturers will discover special economies in Link-Belt MC 
couplings—they are excellent for such equipment as speed reducers, pumps and 
generators. Available “off-the-shelf for shafts up to 1%”. nm 
Contact your nearby Link-Belt office. f 
Write for Folder 2875 —Gives detailed information and speci- 
fications on the new Link-Belt MC motor coupling. 


GEARED FLEXIBLE COUPLINGS 


LINK-BELT COMPANY: Executive Offices, Prudential Plaza, Chicago 1. To Serve Industry There Are 
Link-Belt Plants, Sales Offices, Stock Carrying Factory Branch Stores and Distributors in All 
Principal Cities. Export Office, New York 7; Australia, Marrickville (Sydney); Brazil, Sao Paulo; 
Canada, Scarboro (Toronto 13); South Africa, Springs. Representatives Throughout the World. 
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New SPS Swage Nuts can be installed quickly and easily in a wide range of sheet metals, including steel, without 
use of special tools or dies. They provide handy tapped holes in thin-section assemblies, aid in blind fastening. 


New SPS Swage Nuts simplify problem of 
putting load-bearing threads in sheet metal 


SPS Swage Nuts offer you a fast, economical means of 
putting load-bearing threads in thin metal. Unlike 
similar fasteners, they require no special tools, can be 
installed with a press fitted with flat dies. Further, 
they do not discolor, deform or buckle the metal in 
which they are mounted. And they do not project from 
the opposite side of the plate, a design advantage where 
minimum clearances are involved. 


Push-out and torque-out values of SPS Swage Nuts are 
the highest available for fasteners of this type. This 
insures proper torquing of screws and increases relia- 
bility under working loads and vibration. 


SPS Swage Nuts can be used in metal with a hardness 
up to approximately Rockwell C25. This is an advan- 
tage over comparable fasteners, because it includes 
steel, as well as the usual alloys of copper, Monel or 
aluminum. Swage nuts are available in sizes #2 through 
4 in. (2B threads), with shank lengths for plate from 
020 to .250 in. thick. For complete information, write 
for new Swage Nut bulletin (Form 2447) and samples. 
Aircraft/Missiles Division, STANDARD PRESSED STEEL 
Co., Jenkintown 18, Pa. 


Jenkintown ¢ Pennsylvania 


Standard Pressed Steel Co. © Tne Cleveland Cap Screw Co. e 
Columpia Stee! Ecuipment C e National Machine Products Co. 


e WNutt-She!l C e SFS Western e@ Standco Canada ltd. © 
Jnbrako Socket Screw Co., ltd 
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Step 1. Enlarged cross-section 
shows #8-32 SPS Swage Nut 
inserted in hole ready for 
swaging into plate. Ordinary 
hydraulic or pneumatic 
presses—even portable rivet 
setters—serve satisfactorily as 
installation equipment. 


Step 2. Pressure displaces 
metal around edge of hole, 
forcing it into retaining 
groove. Swage ring knurls in- 
crease resistance to torque- 
out, also provide relief for 
metal flow. Note smooth sur- 
face on bottom of plate. 





HIGH RELIABILITY 


SPS research is continually developing fasteners with 
higher standards of predictable performance. By 
installing SPS high-reliability fasteners in your 
assemblies, you increase overall product reliability. 


For more information on the full meaning of reliability, 
write for a copy of the new SPS booklet “High Reliability.” 
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UT. Sae Hike 166° 


— ee 


CUSTOMERS SEE DWG 33644" 1 APPD. 








CLEARPRINT PAPER CO. 
1482 - 67th Street, Emeryville, Calif. 


(J Send me Clearprint samples, with prices, for the following uses: 








(_] Have your representative call at my office to discuss special 
applications for my particular needs. 


Name 
Firm 
Addres 


City 
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Form ability—. days of old, when knights were 
bold, they also were smart. When their very lives 
depended on a tool or a weapon, they made sure it 
was made from steel. It could be a great claymore, 
hefty enough to behead a horse; a bright suit of armor 
that would turn the Saracen’s arrow; or an ornamental 
castle gate, strongly made to frustrate the assassin. 

They wanted steel because it was strong. They 
could use it because it was formable. Truly, there is 
no economical! metal in all the world that can approach 
steel’s combination of strength and formability. 

With the near-magic of heat treating, you can 
soften steel and form it, then harden it to make it 
strong, then temper it to make it tough. Or form it 
cold. Use bending, flanging, deep drawing, spinning, 
cold heading, die drawing, rolling, wiper forming, 
draw rolling, stretch forming or bumping. In fact, 
it’s hard to imagine any fonzing operation that can- 
not be performed on steel. 

Fortunately, there are hundreds of different kinds 
of steel; and they all act differently in the fabricating 








shop. Everything you do to steel alters its forming 
properties, and every forming operation alters its 
physical properties. 

The aim of the product designer is to find a steel 
that can be properly formed, that has the right 
strength, toughness, corrosion resistance, weldability 
or other characteristics required . .. at the most favor- 
able cost. If you have a design problem and the comp- 
troller is looking over your shoulder, take hope from 
this idea: there is one “‘best’’ steel for any design 
application. You can be sure of finding it among the 
great family of USS Design Steels: Carbon, High 
Strength, Alloy and Stainless Steels. 

If you need help in making your selection, ask a 
company that has produced well over a billion tons 
of steel, and has spent hundreds of millions of dollars 
to learn more about this most versatile of man’s 
metals. Of course that means United States Steel 
Corporation, 525 William Penn Place, Pittsburgh 
30, Pennsylvania. 
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United States Stee! Corporation « American Steel & Wire « Columbia-Geneva Stee! « Nationai Tube 
Tennessee Coal & Iron « United States Stee! Supply * United States Stee! Export Company 


(iss) United States Steel 


Please direct inquiries to advertiser, mentioning MACHINE DESIGN 





Lower Left—Problem: Build a power shovel dipper stick with 
greater strength and shock resistance. Solution: Bucyrus-Erie Com- 
pany designed a tubular stick made from USS ““T-1’’ Constructional 
Alloy Steel. Payoff: The ‘“T-1’’ Steel plates were easily cold-formed 


into a tube and butt welded. The tubular design and stronger steel 


assured great strength and shock resistance, and easy fabrication. 


Lower Mid ile—Problem: Produce strong, heat resistant, corrosion 
resistant jet engine rings—economically. Solution: Alloy Manufac 
turing Company carefully selected a grade of USS Stainless Steel. 


Payoff: ‘The rings resist heat and corrosion and they are economically 


roll-formed because the Stainless Steel is formed on “carbon steel 
rated”’ equipment. 


Lower Right— Problem: Design a pressure tank that is just as strong 
but lighter than conventional carbon steel tanks. Solution: Manufac- 
turer selected USS Man-TEN High Strength Steel. Payoff: MAN-TEN’s 
greater strength (50% higher yield point than carbon steel) permitted 
design of a thinner-walled tank that is 24% lighter. And because 
Man-TEN is highly formable, the tank is economically produced by 
cold press forming of circular blanks into seamless shells, 29’ in 
diameter and 24” deep. 

USS, “T-1" and Man-Ten are registered trademarks 








ey 


CHOOSE THE TYPE THAT BEST FITS YOUR APPLICATION FROM THE COMPLETE LINE OF Quatity 


ORMITE 


“TAN-O-MITE” TANTALUM CAPACITORS 


en 


—{E>- 
i> 





SERIES TS 








SERIES TF 
FOU-TYPE 


Stability of Electrical Characteristics 
Performance Under Temperature Extremes (— 


e Excellent 


Ohmite offers you a complete line of quality tantalum 
capacitors including three types . . . all available from 
stock in reasonable quantities. SERIES TS POROUS SLUG- 
TYPE TANTALUM CAPACITORS employ a porous 
anode of sintered tantalum sealed into a fine silver case, 
externally uninsulated. Size ““U” unit offers a range of 
1.75 microfarads to 30 microfarads. Working voltages 
to 125 are available, depending upon capacity. 
capacitors are polar units intended for d-c applications. 
BULLETIN 159. 


SERIES TF FOIL-TYPE These capacitors are tantalum foil, 
electrolytic units for low-voltage, a-c and d-c applications. 
Three sizes now available; .25 to 140 mfd over-all capaci- 








POROUS SLUG-TYPE 








e Long Shelf and Operating Life 
55°C to + 85°C) 


tance range. Standard tolerance is +20%. Working volt- 
ages up to 150. Polar and nonpolar units available. 
BULLETIN 152. 


SERIES TW WIRE-TYPE TANTALUM CAPACITORS These 
Mylar® insulated, subminiature, wire-type units feature 
greater capacitance per unit volume, lower leakage cur- 
rent and power factor, and small capacitance drop at 
extremely low temperature as compared to other kinds 
of electrolytics. Ultrasmall for low-voltage, d-c, transis- 
torized electronic equipment. Available in nine subminia- 
ture sizes; .01 to 80 mfd_ over-all capacitance range. 
Smallest size is .080 x .203 inch; largest is .134 x .812 
inch. BULLETIN 148, 


QUALITY Components OH MUT E° Manufacturing Company 3618 Howard Street, Skokie, Illinois 


RESISTORS RELAYS TAP SWITCHES RHEOSTATS TANTALUM CAPACITORS R&.F. CHOKES VARIABLE TRANSFORMERS DIODES 
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Designers who look to Nylon look t0o WAAWEONAL first 


For fabricated parts—or for extruded 
strip. rod, tubing or special shapes— 
you'll find National a dependable 
primary source of Nylon. Costly 
molds and time delays may favor 
the delivery of 100% usable parts 
fabricated from National Nylon 
and timed to your production 
needs. 





In many cases, fabricated parts 
from standard or special extruded 
shapes give you more design freedom 
at no greater unit cost. Buying from 
the source makes this possible. Be- 
fore you ‘“‘freeze’’ a molded design, 
talk with your National Sales Rep- 
resentative. 

Check him, also, for your other 


basic materials needs— PHENOLITE® 
Laminated Plastic, Vulcanized Fibre, 
PHENOLITE Copper-clad. Many 
grades from the more than 100 avail- 
able—including Nylon rod—are “‘in 
stock”’ for immediate shipment. For 
Nylon sizes, grades and properties, 
write Dept. G-1 for our Technical 
Data Folder. 


DELAWARE 


In Canada: NATIONAL FIBRE CO, OF CANADA, LTD., Toronto 3, Ont. 


‘ NATIONAL vwutcaAnizED FIBRE CO. i iMINGION 99 
ye 
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THE DODGE STEEL 
pustisneo by DODGE STEEL COMPANY 


6501 Tacony Street, Philadelphia 35, Pa. 


y 


BUSINESS MAGAZINE EDITION 


twice! 


This is important enough to read 


c--T-o 


se) 
oo 


——--~~-----------4 


If your activities involve product design and development, pur- 
chasing, production... or management, you should know about 
the complete manufacturing service offered by Dodge Products. 


This unique division of Dodge Steel 
Company was originally established 
for the purpose of machining quality 
steel castings as an additional service 
to its customers. However, diversi- 
fication has multiplied its products 
and services until today, there is 
hardly an industry that is not bene- 
fiting in some degree, from the 
research, development and experience 
of this manufacturing organization. 


A COMPLETE SERVICE 


Dodge Products offers you a com- 
plete manufacturing service in the 
literal sense of the word . . . from idea 
to finished product. This service 
extends from product design engi- 
neering and development—through 


you'll want this idea starter... 


If you are looking for new ways 
and means to improve your prod- 
uct, and save money too, here’s 
an idea source guaranteed to 
spark your imagination and give 
you a wealth of hints, tips, and 
suggestions. 


the machining and fabricating of just 
about any metal or material—to the 
production of finished parts, com- 
ponents or products. 


MULTIPLE SAVINGS 


The services offered by Dodge Prod- 
ucts are streamlined to save time, 
trouble and money for you. When 
parts or components are fabricated 
by us, you relieve yourself of 
production and labor problems. 
Mistakes, rejects, machinery break- 
downs are our headaches. The scrap 
problem is ours. You have only to 
receive and give final inspection to 
the finished parts. These are de- 
livered on time, ready for your 
production line. 


| 
| 
| 
| 
ol 


The Dodge Steel Ladle is an 
8-page, quarterly magazine. It 
contains how-to-do-it articles on 
steel castings... “case history” 
examples of how castings are used 
in industry... informative dis- 
cussions on how castings are 
made...news about develop- 
ments in Dodge Products. And, 
that’s not all! There’s a lot more 
information as well... data that 
you'll find of constant value and 
interest. Like to be put on the 
mailing list? Just tell us and we’ll 
do the rest. No obligation, 
of course. 


1 
| 
I 
I 
| 
| 
| 
| 
I 
l 
| 
| 
| 
! 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
! 
I 
| 
| 
| 
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SCOPE OF SERVICE 


Here are just a few of the many 
services and facilities available to 
you: 

e Product Design & Development 
Milling and drilling 
Turning in all metals 
Boring—horizontal and 
vertical 
Welding—all types 
Plating and painting 
Jigs and fixtures 
Production tapping 
Bending 
Shaping 
Long or short production runs 
Casting and patternmaking 
Hydrostatic testing 


Magnaflux and X-ray 
testing 

e Drafting 

Strain Laboratory 


Like to know more about this unique 
custom manufacturing service? This 
new bulletin describes in detail the 
many services we offer. Write for a 
free copy today. 
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REPUBLIC DIE- 


tice, ea a 


By using Republic Die-Form blanks to pro- 
duce power take-off counter-shafts, Ford 
engineers gain substantial production econ- 
omies. Because they closely approximate 
the completed part, Die-Form blanks 
minimize required machining and reduce 
handling costs for raw material and scrap 
disposal. In addition, the nature of the 
Die-Form Process actually improves machin- 
ability of any given steel analysis, permitting 
further savings through use of higher speeds 
and feeds. 


The Republic Die-Form Process is a cold 


FORD TRACTOR POWER TAKE-OFF COUNTER-SHAFT 
costs less to produce using a Republic Die-Form blank, 
as compared with previous materials. Blank is shown 
immediately below ... completed shaft at bottom, 
Use of Die-Form blanks may enable you to produce 
a superior part for less money. Clip and send coupon 
for facts. 


work operation performed by forcing one 
or more sets of dies over each end of a hot 
rolled steel bar. Resulting multi-diameter 
bar, in addition to the cost-saving advan- 
tages outlined above, offers improved yield 
and ultimate strength. Diameters are accurate 
to within .005 inches which may, in some 
cases, entirely eliminate further finishing. 


If you mass produce multi-diameter ma- 
chine shafts it will pay you to investigate the 
savings potential of Republic Die-Form. Your 
nearest Republic office can provide details. 
Or write for Die-Form Folder ADV-746. 


MacHINE DesicNn 





QUALITY AND ECONOMY ARE ASSURED in screw extractors made of Republic 
Cold Drawn Leaded Alloy Steel by she Henry L. Hanson Company, Worcester, 
Massachusetts. Beneficial characteristics of this versatile material include high 
machinability, formability, hardenability, and toughness. As a result, screw 
extractors can be produced faster and at less cost than was possible with 
former materials and, after scientific heat treatment, are practically unbreak- 
abie. Republic Cold Finished Alloy Steels are available in every standard 
analysis, plus many specials. Mail coupon for further information. 


REPUBLIC BOX AND SKID UNITS PERFORM FOUR JOBS, CUT 
HANDLING COSTS 10% at Dresser Industries’ new pipe 
fittings plant at Wellsboro, Pennsylvania. Four functions are: 
(1) delivery <* semi-finished parts to production stations; 
' (2) feeding parts to machines via sp2cial hoppers; (3) re- 
ceiving finished parts; (4) storage for shicment. In addition 


% to immediate cost savings of 10%, Repuoii-'s rugged, cor- 
i / rugated steel construction assures years of minimum mair- 
.0:6.6:070.0.4 tenance service. Send for data on Republic Materials 


page| — : Handling Equipment. 
LIQUID SEALING PERFORMANCE is an added benefit of 
sncepathminomns T Republic Self-Locking Nylok® Bolts. As shown here, the 
denitheceiininstaesiie : nylon pellet in compression tends to expand and interrupt 
ecahietoels \ space between non-loadbearing surfaces of mating threads 
































at when bolt is wrenched tight. Fluid escape along helical 


— thread path is blocked. Nylon pellet resists aging, moisture, 
and ordinary solvents to provide a long-lasting seal. Send 
coupon for information on all the benefits of Republic 
Nylok Fasteners. 


REPUBLIC STEEL CORPORATION 
DEPT.MD-5633-C 
1441 REPUBLIC BUILDING + CLEVELAND 1, OHIO 


O Please send Republic Die-Form Folder ADV-746 
Please send more information on: 


, 
Wyrbdé Whitest, Ke (Z O Materials Handling Equipment 
4G 0 Nylok Fasteners O Cold Drawn Alloy Steel 
of Standard Steels ani sone a 


Company. 


< Cok, Producla Address 
i Zone Re 
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K (STANDARD) 

For Aircraft, 

Electronic, Instrument, 
Military, Missile, Industrial 
and Commercial Applications. 


Standard K and RK...in straight and angle 90° 
plugs, wall mounting receptacles. Conduit and 
clamp entry types. 1 to 82 contacts in 213 different 
insert arrangements. 10-, 15-, 30-, 40-, 60-, 80-, 115-, 
and 200-amp. silver-plated brass contacts. High 
quality phenolic, melamine, and formica insulators. 
Cadmium-plated aluminum alloy shells, Flashover 


voltages: 1100 to 5000v 60cps ac rms. 


original aircraft, electronics, sound, and 


KH, RKH 


(HERMETICALLY SEALED) 


For Use Under Critical Pressure and 
Leakage Conditions 


Hermetically sealed connectors... 
with steel shells, steel contacts, and Can- 
seal glass insulators, fused to shell and 
contacts. True hermetic sealing. Electro 
tin plating over cadmium plate over cop- 
per flash provides highly receptive sur- 
face for soldering and corrosion resistance. 


special acme thread ¢« rugged construction ¢ variety of 


RK 
PLUG AND RECEPTACLE 
For Flush or Semi-Flush Mounting 


RK plug and pin assemblies are equipped 
with an external threaded coupling nut 
which is the reverse of the standard K 
series. Note, RK will not mate with K’s. 


TBF-K 
For Carrying Circuits Through Bulk- 
heads 


TBF-K Bulkhead Connectors... fea- 
ture a double-faced construction allowing 
mating at both ends. Pin inserts. Single 
piece shell. Five insert assemblies 
available. 


102 








STEEL SHELL rirewaLt 


For Open Flame Protection Against 
High Temperatures 


FW and FWR Cannon K Firewall 
Connectors... available in straight and 
angle 90° plugs, wall mounting recepta- 
cles. Inserts of phenolic or fireproof 
inserts of glass-filled materials. Crimp 
type contacts. Cannon made the first fire- 
wall connector and continues the leader 
in this important field. 


RLKL and LKL 
(TV SWITCHING PANEL) 
For TV Panel Switching 


Quick Connect and Disconnect RLKL 
Plugs... designed for one-hand fast dis- 
connect use on TV station program switch- 
ing panels. Feature a quick coupling 
means. Latchlock secures plug to mated 
fitting (RLKL receptacle). Thumb pres- 
sure releases it. 





APPLICATION 


Application of R and RK connectors 
on a recording oscillograph. 


RECORDER connector 


For Telephone “Beeper” Connectors 


SK-M7-21C...Widely used on two lead- 
ing makes of telephone recorded connec- 
tor units known as “beepers” because of 
the signal required by law in such 
recordings. 


coaxials « integral clamps 


aiid 


K accessories 


Straight and Angle 90° Junction Shells, 
Dust Caps, Bonding Rings, Gland Nuts, 
Clamps, Dummy Receptacles 


Featuring High Quality Materials and 

rkmanship...Junction shells are 
designed to protect, shield, and carry 
wires through walls, panels or bulkheads 
to conduit. Dummy receptacles hold and 
protect plugs when not in use. 


cannon plugs e standard of quality for the industry 


Other Cannon Series... Mil. Spec. “MS” (full line) — External Power Con- 
nectors— Switching Types—dc Solenoids—Guided Missile Launching Connectors 


— Miniatures and Sub-Miniatures. 


Please Refer to this Magazine or to Dept. 185. 


GANINTOn LU ass 


CAMWOR 


Where Reliability for Your Product Is Our Constant Goal 


CANNON ELECTRIC COMPANY, 3208 Humboidt St., Los Angeles 31, 
California. Factories in Los Angeles; Salem, Massachusetts; Toronto, 


See “K” Bulletin 
for Engineering Data. 
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Canada; London, Eng'-nd; Melbourne, Australia. Manufacturing 
licensees in Paris, France, Tokyo, Japan. Contact our representatives 
and distributors in all principal cities. See your Telephone Yellow Book. 


MacHInE DesIcn 





These. tough. imotded Thermoplastic Parts 
Laugh at Salt Water 


~ 


_ 
vane ee 


CHELSEA 50, Mass. 
Joseph Leader 

68 Marlborough Street 
Chelsea 3-3484 


CHICAGO 45, Illinois 
R. H. Frish 

Room 211 

6349 N. Western Ave... 
Ambassador 2-6005 


DETROIT 35, MICH. 
Harry R. Brethen Co. 
16577 Meyers Road 
Diamond 1-3454 


EAST ROCHESTER, N. Y. 
Dynatherm, Inc. 

607 West Commercial Street 
Phone: Ludiow 6-0082 


KNOXVILLE, Tennessee 
Harold J. Melloy 

2100 Ailor Ave. 

P. O. Box 3207 

Phone: 2-5911 


MILWAUKEE 13, Wis. 
John Weiland, Jr. 
7105 Grand Parkway 
Greenfield 6-7161 


ARDMORE, Pa. 
Austin L. Wright Co. 
P. O. Box 561 

1 W. Lancaster Ave. 
Midway 2-5113 
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~=They're by QUINN-Berry, of course! 


“WHERE THE UNUSUAL IS ROUTINE” 


Here are two good examples of Quinn-Berry contributions lo the im-. 
provement of end products. 

At the left above is the Quinn-Berry molded nylon pump 
impeller insert used in Evinrude’s 50 hp. Starflite motor. The 
dimensional stability of molded nylon affords tough resistance to 
thrust and shear stresses at all temperatures . and nylon is 
unaffected by salt water. It will not corrode. 

Evinrude uses the molded nylon combination bearing and 
detent spring (above right) in the 10 hp. and 18 hp. motors to control 
the position of the choke. This Quinn-Berry molded part requires 
a minimum of lubrication, has excellent wearing characteristics and 
salt water will not corrode it. 


Consult with us on your component parts design and material 
requirements. Quinn-Berry molded thermoplastics are doing a 
good job in a wide diversity of applications. 


WE FLY TO SERVE YOU FASTER! 


CINN: 


2609 WEST 12TH STREET, ERIE, PA, 
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Redesigning this vacuum tube base cut manufacturing costs by 50%. 

The old base (shown at left) required seven operations from blanking the 
steel frame to staking the socket in position. 

As a zinc die casting (shown at right), only one operation — punching the 
tube pin slot — was necessary. By die casting this part from zinc rather than 
from aluminum, the following additional advantages were achieved: 

. . . Less draft on the socket 
. . . Greater overall strength 
. . . Lower die cost 

For similar savings review your metal parts that possibly can be produced 

as ZAMAK alloy die castings. 


Circle 481 on Page 19 
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Numbers 


ORD KELVIN used to say 
L that when you cannot express 

something with numbers, 
your knowledge is of a “meager and 
unsatisfactory kind.” When the 
famous nineteenth-century scientist 
made this observation, engineering 
was still very much in the “me- 
chanic arts” stage. 

Then a new type emerged—the 
theoretical engineer. The theoretical 
engineer helped advance engineer- 
ing design mightily, by virtue of his 
dedication to “numbers.” 

But mathematical theory has its 
limitations. So to the practical en- 
gineer fell the task of translating 
theory into working hardware. As 
a team, the practical and theoretical 
engineers have not always func- 
tioned in harmony. Foolish contro- 
versies used to rage over “theory” 
versus “practice.” 


Today the marriage of theory and 
practice is much closer to consum- 
mation than it was in Kelvin’s day. 
Techniques of finding out whether 
you are actually getting what 
mathematics told you to expect 
have placed powerful tools in the 
hands of design engineers. 

In his article beginning overleaf, 
Fran Fisher tells how dynamic 
measurement techniques can do just 
that. Thus, by being able to put 
more numbers on what they are 
doing, design engineers can acquire 
more complete understanding and 
knowledge of the things they are 
working with. 

The result: Better design. 


EDITOR 





MEASUREMENT 


# 


NEPARATING cause from effect, measurements 
are often indispensable in trouble shooting a 
design. They show where to apply engineer- 

ing effort in correcting the fault instead of treating 
the symptom. 

Measurements open the door to the application 
of theoretical equations by eliminating assumptions. 
They also reveal the basic nature of the phenomenon 
so that it can be recognized. 

Measurements shown on an oscilloscope acceler- 
ate experience by allowing the designer to observe 
variables while the mechanism is being subjected 
to various work loads. Also revealed are dynamic 
behavior characteristics which would not be shown 
by ordinary observations and tests. 





Exciter 











Mechanism i 


> Measurement Techniques 


This article deals with some of the measurement 
techniques that have proved useful in the design 
of small high-speed mechanisms. In general, dy- 
namic measurements on these mechanisms are more 
difficult than on larger ones. Measurements on 
these mechanisms are made through a “pick-up” 
or transducer that converts the measurement of jn- 
terest into an analogous electrical signal. The 
signal, which may represent force from strain gages, 
displacement from a precision potentiometer, velocity 
from a tachometer generator, etc., is then observed 
on an oscilloscope or recorded on some other output 
device, Fig. 1. 


Fig. 1—Block diagram of in- 
strumentation required for 
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A machine or a mechanism fails to perform according to the designer’s intent. 


What is the first step to take in solving this problem? 


Define the problem, of course. 


That’s the job measurement can help do—with out disturbing operation of the machine. 


By F. E. FISHER, Manager, Mechanical Analysis Lab., International Business Machines Corp., Poughkeepsie, N. Y. 


> Transducers—The Key 


The transducer is the key to the measurement. 
Table 1 describes transducers which are useful on 
small high-speed mechanisms. Commercially avail- 
able transducers shown in Table | require relatively 
simple circuits. Principles of operation, technical 
data, advantages and disadvantages serve to guide 
the designer in selecting a particular type of trans- 
ducer for a specific problem. 

In the illustrated schematics of the electrical cir- 
cuits in Table 1, the output signal is measured on 
a voltmeter. In actual practice, an oscilloscope is 
usually used. It presents the information in a more 
useful form and has a fast time response com- 
patible with phenomena generally of concern. For 
static measurements, a voltmeter would be satis- 
factory. 

A calibration curve is shown to emphasize the 
need for calibration of any measuring system used. 
In addition, it points out the linearity limitations 
that some transducers have, such as the variable- 
reluctance type. 

Accelerometers are not listed, but many good 
ones are commercially available. Of course accelera- 
tion can be obtained by differentiating velocity 
curves. Also, strain gages can be used and they in- 
dicate dynamic force which is, of course, directly 
proportional to acceleration. 


> Practical Applications 


It may appear to those design engineers who 
have not been involved in electrical instrumentation 
that the application of these transducers is difficult 
and practical only in isolated cases. This isn’t true, 
fortunately. The circuitry is simple to apply, with 
the possible exception of that for strain gages. They 
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require a certain amount of know-how, but the prop- 
er technique can be learned with little effort. As for 
isolated applications, the converse is true. The power 
of these measurement tools is in their practicality, 
and the heretofore unavailable data they give to 
the engineer. 

At the IBM Mechanical Analysis Laboratory the 
following mechanisms have been studied: 


. Card and tape punches 

Relays, magnets, and solenoids 
Magnetic tape-transport systems 
. Card feeds 

. Die punches 

. Clutches 

. Keyboards 

. Cam drives 
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The following list points out the important data 
yielded from measurements on these mechanisms. 


. Acceleration and deceleration times 
. Impact forces 

. Dynamic forces 

. Resonant frequency 

. Magnitude and duration of contact bounce 
Speed-regulation values 

. Overshoot amplitude 

. Energy for various work cycles 

9. Impulse at pick-up or latch-up 

10. Momentum at pick-up or latch-up 
11. Time of events 

12. Slipping torques 
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> Theoretical Applications 


With these results, it takes little imagination to 
see the potential for mathematical analysis. Impulse- 
momentum equations, stress calculations, spring- 
mass simulation of a linkage, force-acceleration equa- 
tions, and others can be applied to optimize a 
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MEASUREMENT... as a design tool 


Drive motor 


@Precision potentiometer 
on cam shaft 


Output flywheel simulates 
DA — 7 
a @®Rotary variable transformer 


Fig. 2—Transducers and instrumentation for 
studying behavior characteristics of a cam-and- 
follower design 


system observed with quantitative dynamic meas- 
urements. 

The important contribution that measurements 
make to the practical application of theory is often 
overlooked. Theory usually means expressing some 
physical phenomenon with equations. The eco- 
nomics of being able to describe a real system with 
a mathematical model is obvious. The usual ques- 
tion is, “Does the mathematical model truly cor- 
respond to the real system?” Measurements often 
quantitatively establish this correspondence. Meas- 
urements define and show what the real system is. 


Cam-Mechanism Example 


A typical setup for measuring force on a cam, 
displacement of an output shaft, and angular posi- 
tion of a cam shaft is shown in Fig. 2. The outputs 
of the various transducers are displayed on an oscil- 
loscope. 


Cam Shaft: Initially, the mechanism is not run- 
ning. With the switches S, at off and S, at A, Fig. 2, 
the cam shaft is rotated. The potentiometer shaft, 
attached to the cam shaft, rotates causing a corre- 
sponding change in output voltage. Since this voltage 
goes to the x-axis of the scope, the electron beam 
on the face of the scope moves horizontally cor- 
responding to the transducer voltage. By proper ad- 
justment, the scope can be calibrated so that the left 
origin corresponds to 0 deg of shaft angle and each 
inch of beam travel to the right corresponds to 
90 deg of cam angle. 

If the beam were 3 in. to the right of the origin, 
the cam angle would be 270 deg. For this “pot” 
the beam cannot be seen from 355 to 360 deg be- 
cause of a 5-deg void in the “pot’s” resistance ele- 
ment where the end terminals are separated, Table 1. 
At 360 deg plus, the beam would reappear at the 
left-hand origin. If the mechanism is turned on at 
this time, a horizontal line would start sweeping 
across the scope, one sw.»p from 0 to 355 deg per 
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revolution of the cam shaft. The beam would be 
mechanically synchronized with the cam shaft. 


Cam Force: Examine the force pick-up by throw- 
ing the switch S, to position C. The output voltage 
from the strain gages establishes the y position of the 
electron beam. A good way to introduce a force at 
the cam is to apply a torque at the output flywheel 
such that a compressive reaction force is set up be- 
tween the cam and the follower. If this is done, 
the resulting bending strains in the cam follower 
cause a voltage output from the gages of C that will 
drive the electron beam in a vertical direction. 

To calibrate the scope, the output shaft must be 
clamped so the follower roller will clear the cam 
and apply known loads at the cam follower. The 
follower springs must be removed. The sensitivity 
of the scope can be adjusted so an upward force of 
10 Ib at the roller causes a 1-in. vertical deflection 
of the beam upward. The y position on the scope 
face now indicates the force acting at the cam. A 
plus l-in. deflection equals 10 lb of compressive 
force. 


Output-Shaft Displacement: If the S, switch is 
thrown to B, it can be demonstrated by lifting the 
cam follower that the y position of the beam cor- 
responds to output shaft angle. Since this transducer 
is of the transformer type, the output will be an al- 
ternating voltage and the beam will be oscillating 
up and down in a vertical line. Shaft position will 
correspond to the maximum vertical displacement of 
the beam where its image is the brightest. 


Mechanism Running: If the drive motor is turned 
on, the beam would begin plotting output-shaft 
angle versus cam-shaft angle, Fig. 3a. Actually, the 
curve in Fig. 3a is output-shaft angle versus time 
because the switch at S, was set at | for this particu- 
lar picture. The time-sweep period was adjusted to 
correspond to | revolution of the cam shaft so switch- 
ing S, from 1 to A would not change the picture, 
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providing the time sweep is synchronized to start 
when the cam shaft is at 0 deg. When a “pot” is used 
to drive the x axis, as has been described for the 
switch set at A, there are no time-sweep synchroniza- 
tion problems. Fig. 5b represents force versus time 
with switches S, at C and S, at 1. 


Velocity: In Fig. 3c appears the curve of velocity 
versus time. No velocity pick-up is indicated in the 
mechanism shown in Fig. 2. However, if the rotary 
variable transformer is excited by a dc voltage, in- 
stead of a sinusoidal voltage as is done normally, 
the output of the rotary variable transformer is pro- 
portional to velocity. This has been done to produce 
the velocity versus time trace. See comments about 
rotary variable transformers in Table 1. 


Results: In Fig. 4 are dual-beam oscilloscope traces 
representing the simultaneous display of force and 
velocity. Force and velocity are good choices for de- 
tecting bounce between the cam and its follower; 
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hence it is useful to find the maximum speed at 
which this system can be driven. The plot in Fig. 4a 
was taken with the mechanism operating at the 
maximum speed before bounce. Fig. 4b represents a 
slight increase in speed which has produced bounce. 
Note the sudden velocity changes (acceleration) 
and the corresponding forces. As shown, two modes 
of vibration are indicated by the force curve. In Fig. 
4a the phase difference between force and velocity 
can be seen. 

It is reassuring to see the laws of mechanics in 
agreement with observed data, i.e., the velocity curve 
is the derivative of the force curve. The quantitative 
information from these few measurements illustrates 
the detailed analysis that can be made of a mecha- 
nism. 
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Fig. 3—Oscilloscope outputs of cam mechanism in 
Fig. 2 showing (a) displacement vs. time, (6) rorce 
vs. time, and (¢c) velocity vs. time 


Fig. 4—Dual-beam oscilloscope traces simultaneously 
displaying force and velocity of the Fig. 2 mechanism 
running at the maximum speed before bounce, a. A 
slight increase in speed produced bounce in 6 
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Table 1—Typical Electromechanical Transducers 


Displacement Transducers 





A. Angular Wire-Wound Resistance Po- 
tentiometer 


1. Description 

Changes in angular position 
A highly uniform resistance element 
is formed in a circle. A slider or brush rotating 
about the center contacts the wire-wound resist- 
The rotating slider is driven by 


cause changes in 


resistance. 


ance element. 
a shaft. 
Technical Data 
a. Range: Continuous rotation 0 to 355 deg. 

b. Resolution: Approximately 0.6 deg average. 
c. Linearity: 0.1 to 2 per cent. 
d. Inertia: 3 to 14 gm cm*. 
e. Life: 10° cycles. 

f. Order of signal level: 10 v. 
Advantages 

a. Simple. 

b. Few 
c. High signal level. 
. Disadvantages 

a. Resolution limited by wire size. 
b. Limited life. 
. Typical Manufacturer 

Helipot Corp., South Pasadena, 


d. De output. 
e. Rugged. 
f. Easy to mount. 


accessories needed. 


Calif. 


B. Straight-Line Wire-Wound Resistance 
Potentiometer 


1. Description 
Same principle of operation as for angular ex- 
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cept the slider moves linearly. 
2. Technical Data 

a. Range: 0.5 to 6.5 in. 

b. Resolution: 0.001 to 0.0045 in. 

c. Linearity: 1 per cent. 

d. Life: 10® cycles. 

e. Order of signal level: 10 v. 
3. Advantages and Disadvantages 

a. Same as for angular potentiometer. 
4. Typical Manufacturer 

Bourns Laboratory, Riverside, 


Calif. 


C. Linear-Differential Transformer 


1. Description 

Displacement of a soft-iron core varies the re- 

luctance coupling between a primary and a pair 
coils. The secondaries are con- 
nected bucking. When the coupling between 
the primary and the pair of secondaries is equal, 
there is no output and the core is in its null 
position. Movement in either direction will im- 
prove the coupling with the secondary on that 
side. The favored secondary overpowers the 
other secondary giving an output proportional 
to displacement within a limited range, ie. a 
linear differential output. The primary is ex- 
cited with a fixed-frequency sine wave. 


of secondary 


2. Technical Data 
a. Range: 0—0.005 to 0—1 
b. Resolution: 0.1 per cent 
c. Linearity: £0.5 per cent. 
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d. Sensitivity: 1 to 4 mv per 0.001 in. per v input. 
e. Inertia: 0.1 to 30 grams core weight. 
f. Life: Infinite. 


. Advantages 
a. High sensitivity. 
b. Long life. 
c. Simple electrical circuit. 
d. Low drag. 

. Disadvantages 
a. Requires oscillator. 
b. Adds some inertia. 
c. Some mounting problems. 
d. Ac output. 

. Typical Manufacturer 
Schaevitz Engineering, Clifton, N. J. 


Velocity Transducers 





A. AC Tachometer Generator 


1. Description 
A rotating drag cup cuts an excited field and 
induces a field of its own proportional to its 
rotating velocity. This field then excites the 
secondary output coils providing the velocity 
signal. This is the principle of operation of 
most ac tachometer generators. 

. Technical Data 
a. Sensitivity: 3.2 v rms per 1000 rpm. 
b. Inertia: 2.1 gm cm?. 
c. Exciting Voltage: 115 v, 400 eps. 
d. Linearity: +0.2 per cent up to 5400 rpm. 
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3. Advantages 


c. Long life. 
d. High signal 


a. Simple. 
b. Rugged. 


level. 


. Disadvantages 


a. Output is ac. 

b. Response is limited to the exciting voltage fre- 
quency; however, excitation can be 2ke for 
better time resolution. 


5. Typical Manufacturer 


Kearfott Co. Inc., Clifton, N. J. 


. Straight-Line Velocity Pick-Up 
. Description 


A permanent-magnet core moved concentrically 
in a coil inducing a voltage proportional to 
velocity. 


. Technical Data 


a. Displacement Range: 0—0.5 to 0—9 in. 
b. Sensitivity: 120 to 650 mv per in/sec. 
c. Inertia: 0.0007 Ib to 0.15 Ib. 

d. Life: Infinite. 


3. Advantages 


a. Simple. 

b. High sensitivity. 

c. Can differentiate signal for acceleration and 
integrate for displacement. 

d. Long life. 


. Disadvantages 


a. Difficult to calibrate. 


5. Typical Manufacturer 


Sanborn Co., Waltham, Mass. 
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MEASUREMENT... as a design tool 


Table 1 cont.—Typical Electromechanical Transducers 


Displacement and Velocity Transducers Force (Acceleration) Transducers 





A. Rotary Variable Transformer A. Strain Gages 


1. Description 
Changes in wire length cause changes in re- 
sistance. A wire grid properly insulated and 
cemented to a part that is subjected to a load 
will change length producing a voltage signal 
proportional to the load. Technical information 
on strain-gage techniques is available from the 
Society for Experimental Stress Analysis, Cam- 


1. Description 
The same principle of varying the reluctance 
coupling as described for the li:ear-differential 
transformer applies. The rotor provides the 
variable reluctance coupling. 

The rotary variable transformer may be used 
as a velocity pick-up by exciting the primary 
coils at terminals A and B with a battery. The 
rotor then behaves as a permanent magnet. bridge, Mass. 

The linearity range is limited and must be de- 2. Technical Data 
termined by calibration. a. Order of signal level: Millivolts. 
. Technical Data b. Resolution: Continuous. 
a. Range: +10 to +40 deg. c. Range: Practically unlimited. 
b. Resolution: Continuous; however, the time d. Linearity: 0.1 per cent attainable. 
scale is limited iin resolution by the fre- 3. Advantages 
quency of the exciting voltage. 
c. Linearity: 1 per cent full range. 
d. Life: Infinite. 
e. Sensitivity: About 3 v/deg. 
3. Advantages and Disadvantages 
a. About the same as for the linear-differential 
transformer. 
. Typical Manufacturers 
a. Doelcam Co., Boston, Mass. 5. Typical Manufacturer 
b. Schaevitz Engineering, Clifton, N. J. Baldwin-Lima-Hamilton, Philadelphia, Pa. 


a. Small. 

b. Does not load system. 

c. Adaptable to wide range of applications. 
. Disadvantages 

a. Amplifier usually necessary. 

b. Small signal level creates noise problems. 

c. Requires good technique. 
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scanning the field for ideas 


Bearing alignment collar permits support pres- 
sure to be applied at center instead of at end of bear- 
ing and adjusts axial position to true alignment with- 
out use of springs. In a bearing design developed by 
Universal Electric Co. for application on fhp motors, a 
neoprene collar is fitted around the outside surface of 
the bearing. Metal clips contain the collar and permit 
free sliding movement along the bearing support sur- 
face. Support pressure is transmitted from the support 
case, through the clips and collar, to the center of the 
bearing. The neoprene collar accommodates manu- 
facturing tolerances and expands or contracts within 
the clips to produce a form fit between bearing and 
bearing support surfaces. 


Oil reservoir 
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SCANNING THE FIELD FOR IDEAS 

Quick-escape magnet 
generates low-voltage electrical 
pulse for precision counting. 
Rotary motion of input shaft 
turns gear with separated tooth 
sections for intermittent en- 
gagement with a gear that 
drives a ceramic magnet 
against a torsion spring. The 
magnet rotates over coils with 
built-in polarity. When the 
gears run out of mesh, the 
magnet is returned to neutral 
position by the torsion spring. 
Quick escape of magnet over 
coils generates an electrical im- 
pulse. The principle is used 
in the Read-o-Matic register for 
liquid metering and machine- 
cycle counting applications. 


Full-cycle speed control of fluid motor is provided by cam and compen- 
sating-valve linkage. In a one-revolution motor unit designed by John S. Barnes 
Corp., an adjustable finger-lever arrangement connects a cam and hydraulic valve. 
Momentary actuation of a solenoid advances the valve stem, lifting ball check off 
its seat and allowing flow of oil past ball to give initial motion to motor and 
cam. Cam action, through finger-lever arrangement, advances or retards valve 
stem to vary oil flow and motor speed over full range of rotation. 


Connects 
to inlet of 
fluid motor 


Fluid power 
in 


Bypass to 
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A helical spring around two coaxial shafts makes a 
good one-way clutch. It drives in one direction, 
drags in the other. 
But this arrangement provides another 
unique possibility. The drag can be 
exploited in a controlled manner for 


SLIP CLUTCHES AND BRAKES 


By JOSEPH KAPLAN 

Senior Project Engineer 

Fairchild Camera and Instrument Corp. 
Syosset, Long Island, N. Y. 


| geno wrald CAPABILITIES of spring clutches 
are their ability to transmit large torques in one 

direction of rotation, and to override when 
the direction is reversed. Since torque transmission 
is the property most often used, drag in the overrid- 
ing direction is usually considered a factor simply 
to be tolerated. However, spring clutch drag has 
certain aspects quite desirable for such mechanisms 
as brakes and slip clutches. Advantages in these 
applications include: Constant drag values indepen- 
dent of lubrication, reliable operation even at ex- 


Fig. 1—Constant-torque spring brake 


treme temperatures, and slip torques which can be 
designed to be equal or different in the two direc- 
tions of rotation. 


Override Drag Torque: As derived in an earlier 
article,* the override drag torque of a spring clutch is 
T, = M(e* — 1) (1) 


Observe that e~”* decreases rapidly as the angle 


*J. Kaplan and D. Marshall—‘Spring Clutches,’’ MACHINE Ds- 
SIGN, Vol. 28, No. 8, April 19, 1956, pp. 107-111 
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SLIP CLUTCHES AND BRAKES 





of wrap of the spring increases. For the number of 
coils used ordinarily for clutches, e~“* approaches 
zero. Therefore, Equation | can be simplified for 
practical purposes to 


T, = M (la) 


Equation la states that the override drag of the 
spring clutch equals the interference moment of the 
spring and shaft combination. Also note that, while 
the coefficient of friction between the shaft and 
spring aids in generating the drag torque, the ulti- 
mate torque is limited only by the interference 
moment. 

Since the modulus of elasticity of spring wire 
changes very little with variations in environmental 
temperature, the interference moment can be ex- 
pected to remain constant over a wide range of tem- 
peratures. Consequently, slip clutches can provide 
reliably the same braking or slipping torques at 
room temperatures and extreme environmental tem- 
peratures. Similarly, variations in lubricating con- 
ditions do not change the drag torque, nor is starting 
drag different from dynamic drag. Other advantages, 
not quite as obvious from Equations | and la, are: 
Design simplicity, compactness of size, and ease of 
designing-in different drag torques for the two direc- 
tions of rotation. 

Representative models designed to provide drag 
are shown in Fig. | and 2. 


Design Equations: The interference moment of a 
spring, assembled on a shaft, is the same as the 
moment it would have as a torsion spring wound to 
the same dimensions. Accordingly, equations which 
are valid for torsion springs can also be used to 
calculate interference moment. For convenience, 
diametral interference is substituted for the angular- 
deflection parameter normally used in torsion-spring 
calculations. Diametral interference is a more signif- 
icant parameter in spring-clutch design because it 
represents the diametral expansion or contraction 
of the spring assembled on a shaft or in a bore. 

The interference moment for several commonly 
used spring wire cross sections are: For round wire, 

TEDw*t8 


M oe 
32 Dp? 


Nomenclature 





Width of rectangular wire, in. 
Clearance, in. 
Diameter of bore, in. 
Diameter of drum, in. 
= Diameter of wire, in. 
= Modulus of elasticity, psi 
= Moment of spring, Ib-in. 
- Bending stress in wire, psi 
= Friction torque, |b-in. 
- Thickness of rectangular wire, in. 
Diametral interference, in. 
= Diametral interference in bore, in. 
= Diametral interference on shaft, in. 
= Coefficient of friction 
> Angle of wrap of spring wire per drum, 





For rectangular wire, 
_ Ebtss 
6Dp* 


For square wire, 
Et*s 


M=—— 
6Dp* 


(4) 


Example: Design requirements for a slip clutch 
are: Drag in one direction, T,’ = 0.5 lb-in. Drag in 
reverse direction, T,’” = 0.2 lb-in. Bore diameter, 
Dz = 0.5 in. 

Using round steel wire, determine the wire diam- 
eter, Dw, on the basis of 150,000 psi working stress. 
Also find the diametral interference for each direc- 
tion of rotation, and the dimensions of the spring 
and shaft. 

1. Wire Diameter: The major stress in the wire 
of a slip clutch or brake is due to the bending mo- 
ment. The wire diameter is found with the aid of 
the widely used spring equation, 


3 


0.033 in. 





co. 
| 32M 32(0.5) 
Dw n= | men 
T Sv @ (150,000) 
2. SHarr DtaMeETER: The bore diameter minus 
twice the wire diameter equals the shaft diameter. 
Allow an additional 0.010 in. for shaft misalign- 
ment and clearance, then shaft diameter is 
Dp = Ds — 2Dw — C = 0.500 - 
2(0.033) 
3. DIAMETRAL INTERFERENCE: In the bore, 
stitutions in Equation 2 yield 


0.010 = 0.424 in. 
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5, — S2Ds*Ts’ _ _32(05)(05) 
2= - 
7 EDw* 7 30(10) ® (0.033) 4 
On the shaft, substitutions in Equation 2 yield 
32Dp2T,” —-32(0.424)2(0.2) 
> = = 0.011 in. 
7 EDw* 7 30(10) ®(0.033) 4 


4. Sprinc Dimensions: The outside diameter of 
coils wound in the bore is 


0.500 + 0.036 = 0.536 in. 


The inside diameter of coils wound on the shaft is 





= 0.036 in. 


8s = 





0.424 — 0.011 = 0.413 in. 


Six coils in interference with each of the two 
elements should yield stable drag torques. 


Wear Characteristics: Wear of the spring clutch 
is affected by the same factors present in most 
friction devices. These include pressure, lubrication, 
slip velocity, and materials. Of these factors, only 
pressure and the distribution of pressure along the 
spring are different than in most friction elements. 
When there is no relative motion in the clutch, the 
gripping force, per unit length of wire, is propor- 
tional to the interference moment. When slip occurs 
in the clutch, the gripping force is proportional to 
Me™. At the free end of the spring, 6 = 0, and the 


Interference on shoft 
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Interference on shoft 
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gripping force is maximum. The gripping force dimin- 
ishes to about 14 maximum value for an angle of 
wrap of one coil having » = 0.2, and to about 1/10 
maximum value for two coils also having » = 0.2. 
Since wear is a function of pressure, the area near 
the free end of the spring receives a great deal of 
wear when excessive drag is applied. 

To obtain uniform distribution of gripping force 
over the length of the spring, one effective method 
utilizes a gradient of an increasing interference mo- 
ment from the free end to the bridging coil. Two 
such designs are shown in Fig. 3. 

Uniform distribution of the spring gripping force 
during slip eliminates severe localized wear. Wear 
can also be reduced by lubricating the slip surface 
of the clutch. Lubrication tends to reduce the co- 
efficient of friction and consequently spreads the 
torque build-up to a larger number of coils. 

One more important factor which affects the grip- 
ping force is the diameter of the shaft. For a given 
slip-torque capacity, the gripping force is inversely 
proportional to the square of the diameter of the 
shaft. Although slip velocity of the clutch increases 
linearly with shaft diameter, the net effect of a larger 
diameter is to reduce wear. 


Tips and 
Techniques 





Exact Pen Setting 


Exact line weight settings are often lost when 
ink ruling and bow pens are opened for cleaning. 
To maintain uniform line weights of pens with 
thumb screws, mark lines on the screw and body 











Markings on 
thumb screw 

Zand frame of 
pen 

















of the pen when pen is at a desired setting. Thus, 
when the pen is closed after it has been cleaned, 
the marks are aligned and the pen is in its original 
position —E. J. Kicx, Columbus McKinnon Chain 
Corp., Tonawanda, N. Y. 


Do you have a helpful tip or technique for our other 
readers? You'll receive ten dollars or more for each 
published contribution. Send a short description plus 
drawings, tables, or photos to: Tips and Techniques 
Editor, MACHINE DESIGN, Penton Bidg., Cleveland 13, O. 
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(a) 


very tangible benefit of extruding large shapes, 
a. Savings in material handling and reduction 
of machining and other fabricating costs are 
additional benefits where a single extrusion, b, 
replaces a number of welded parts. Control of 
extrusion variables produces typical light air- 
frame sections, ¢, to within close tolerances. 
Weight of such sections averages 4 Ib per ft. 


A variety of contours of internal and external 
surfaces is acomplished economically by ex- 
truding tubular and other hollow shapes. The 
hollow-box type of missile rail would be ex- 
tremely difficult, if not impossible, to fabricate 
by a method other than extrusion. 


Orfo 


Difficult to machine, these semihollow shapes 
are formed by extrusion plus a secondary oper- 
ation in some cases. Problems of springback, 
accessibility where undercuts are encountered, 
and of set-up or production are thus overcome. 


Design fundamentals 
Fitting the extrusion to the product 
How to modify existing shapes 


Stepped, tapered, and multiple 
extrusions 


with the extrusion process are the variety of 
shapes that can be produced and the design 
requirements for a good extrusion. 

Basically, if a shape conforms to the design re- 
quirements imposed by the process itself, the part is 
termed “extrudable.” However, existing shapes which 
do not conform to these requirements can often be 
modified for fabrication by extrusion. 

An introduction to the process and its applicability 
to stainless-steel shapes are covered in Part 1 of 
this two-part series.* This article shows where and 
how a stainless-steel extrusion can be designed into 
a product, how shapes can be modified for the ex- 
trusion process, and how the most advantageous 
shapes are determined. 


(> F PRIMARY interest to designers concerned 


Designing the Extrusion 


Maximum Size: The maximum attainable cross- 
sectional area and length (or weight) of an ex- 
trusion depend on the size of the billet which can 
be accommodated in the press container. Size of 
shapes is usually limited to those which fit in a 
circumscribed circle 61/4 in. in diameter. 

Most shapes are pushed in lengths of 20 to 40 ft 
depending on cross-sectional area of the die and size 
of the billet. Where batch heat treating is required, 
size of the furnace generally limits length to 25 ft. 

Usual length-to-thickness ratio of the part cross 
section is about 10 to 1. For example, if an L-section 
is 14 in. thick, maximum length of each leg will 
be approximately 2!/, in. Some extrusions, however, 
can be produced successfully in maximum length- 
to-thickness ratios of 16 to 1 or greater. Generally, 
for channels, depth must be no greater than the 
width, since the tongue of the die, which forms 


*R. E. Paret—‘‘How to Design Stainless-Steel Extrusions,’’ 
MACHINE DESIGN, Vol. 31, No. 1, January 8, 1959, p. 114. 
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How to design 


STAINLESS-STEEL EXTRUSIONS 
Part 2—Applications and Design Concepts 


By RICHARD E. PARET 
Stainless Steel Specialist 
American lron & Steel Institute 
New York, N. Y. 


the inner surface of the channel, must be rigidly 
supported against excessive tool loading to prevent 
breakage. 

Larger cross-sectional areas for stainless-steel ex- 
trusions could be obtained if container sizes were 
increased. However, container diameter is restricted 
by space considerations necessary for a die insert 
and back-up tools strong enough to resist extrusion 
forces. Container size is further limited by the extra- 
sion ratio or the ratio of the transverse area of the 
billet to the transverse area of the extruded shape. 

Tonnage requirements of presses for extruding 
stainless steel are approximately 84,000 Ib of force 
for each square inch of billet cross section at an 
extrusion ratio of 20, and 108,000 Ib at a ratio of 
50. On this basis, presses which accommodate billets 
of 5 to 6 in. in diameter are generally powered 
to extrude stainless steel at ratios of 50 or more. 


Fig. 1—Overcoming the prob- 
lem of inadequate filling of ir- 
regular shapes during extrusion 
due to the different thicknesses 
of adjacent legs of the shape. 
The land for the top section of 
the die, a, was designed to re- 
duce friction of flow during ex- 
trusion and force the metal to 
fill the die completely. Pockets 
machined in the die, 4, also in- 
duce increased metal flow to 
the thin sections 
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Minimum Size: The minimum cross-sectional area 
which can be extruded depends on pressures neces- 
sary to overcome the metal’s resistance to flow. Con- 
tainer size, resistance to deformation of the par- 
ticular type of stainless steel within the extrusion 
temperature range, shape geometry, and extrusion 
ratio influence container pressure. 

Minimum cross-sectional areas for various stainless- 
steel grades extruded on a 1778-ton press are shown 
in Table 1. Minimum web or leg thickness for any 
extruded shape is approximately 14 in. unless spe- 
cial tooling is used. 


Thin Sections: During extrusion, the hot metal 
has a tendency to flow through the mass center of 
the die or path of least resistance. This character- 
istic makes it difficult to fill certain sections ade- 
quately. This is especially true where unfavorable 
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Shape as extruded 


Fig. 3—Redesign of a cam lever for fabrication by extru- 
sion. Although tolerances on the large angle of the ex- 
truded part were opened up considerably, the lever, as ex- 
truded, was functionally acceptable. Other similarities be- 
tween the shapes indicate how closely a modified design 
can approximate that of an existing shape 


[A -B Fig. 4—A stepped part which 





geometry exists, such as in the sections of Fig. 1. 

Effective die design provides two methods for 
overcoming the problem. In the first method, Fig. 1a, 
increased metal flow is obtained by reducing fric- 
tion developed during flow. This produces adequate 
fill for the entire part. In the second method, Fig. 1b, 
pockets are machined in the die inserts. These open 
approach areas also induce increased metal flow for 
proper fill of the added thin areas. 


Tolerances: Factors which influence tolerance con- 
trol during extrusion include section design, lubri- 
cant control, contraction during cooling, variations 
in metal flow due to part geometry, and resistance 
to flow of different alloys at extrusion temperatures. 
Die design and lubricant control are particularly 
important when producing shapes with small cross- 
sectional areas. Here, high extrusion ratios and 
pressures increase die wear. 


Table 1—Recommended Minimum Size for 
Stainless-Steel Extrusions* 





Type of Minimum Sectional Area 
Stainless Steel (sq. in.) 
410 0.45 
304, 321, 347 0.50 
316 0.60 
310 0.70 








*Extrusion container, 554 in. diam. 
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can be produced either by ex- 
trusion alone or by a combina- 
tion of extrusion and forging. 
With the latter procedure, pro- 
duction costs are lowered by 
elimination of the blocking op- 
eration required with a forging 


lea 


Frequent die change is the most effective method 
for maintaining specified dimensions. Because of low 
die cost, this practice is entirely feasible within rea- 
sonable limits. Many shapes are also extruded to 
nominal tolerances and cold drawn to close limits 
which frequently eliminates additional machining. 

Specific tolerances attained by extrusion depend 
to some extent on the geometry of the shape required. 
Examples of tolerances on various sizes of a solid 
cross-section are shown in Table 2. 

With hollow shapes, major problems are main- 
tenance of concentricity and keying internal and ex- 
ternal symmetry or angularity. The possible varia- 
tions, Fig. 2, result from use of a floating mandrel 
centered in the press ram. Eccentricity generally 
will not exceed 10 per cent of wall thickness. 


Fillets and Corners: Minimum radius of an inside 
corner fillet is controlled by a sharp die protrusion 


Table 2—Tolerances on Solid-Section Extrusions 


Section Size 
(in.) 


Under 1 





Total Tolerance 
(in.) 
0.031 

1 to 3 0.062 

3 to 4 0.093 

4 0.125 





Over 
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The billet “back extrudes’ over the mandrel 
and starts out through the die 


The billet is pressed between the tapered 
mandrel and the die to form the tapered 
transition section between the shank and 
airfoil portion of the blade 


Illustrations courtesy of Curtiss-Wright Corp. 


Shape of the mandrel! extrudes the shank 
section of the blade with a tapered wall 
thickness 

















The hot metal is extruded between the 
mandrel and the die forming a 
tapered wall seamless tube 


Production of a special extruded hollow part 





in the flowing metal. Fillets are normally produced 
with radii from 0.125 to 0.438 in. Difficulties of 
lubrication prevent production of sharp fillets. 
Corners are limited by their tendency to fill, to 
hot tear, or to form cooling cracks. The normal 
range for corner radii is between 0.031 and 0.125 in. 


Angles: A tolerance of +2 deg can be held on 
angles. Where length of a projection is less than 
twice the width, a tolerance of 14 deg can be main- 
tained. 

An idea of the functional aspects of these specified 
tolerances is gained by comparing the shapes in Fig. 
3. Shape of the cam lever, redesigned for extrusion, 
proved functionally effective for the product appli- 
cation. Design adjustments necessary for fabricating 
the part by extrusion are evident. 


Surface Finish: Finishes attained depend on the 
type of stainless steel and conditions of extrusion 
and are generally as good as or better than those 
obtained by hot-rolling methods. Cold drawing after 
extrusion, although primarily specified for tolerance 
refinement, also improves surface finish. 


Design Potentials of Extrusions 


Some of the unusual parts produced so far, and 
unique production techniques used, indicate the po- 
tential of the extrusion process. 
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Stepped Parts: Occasionally, a part is needed which 
must vary lengthwise to provide two or more un- 
symmetrical cross sections, Fig. 4. Special extrusion 
equipment can produce this typical stepped part, or 
the section can be extruded with a symmetrical 
cross section and the steps formed later by forging. 
Production costs are also reduced with this pro- 
cedure since the blocking operation required with 
a forging is eliminated. Shape of a step and its di- 
mensions can be varied. 


Tapered Parts: Parts with uniformly decreasing 
areas or hollow parts with tapered walls can also be 
obtained by extrusion and completed by forging or 
can be formed with a tapered mandrel. An example 
of production of a special extruded hollow part is 
shown in Fig. 5. 


Multiple Extrusions: With multiorifice dies, two 
or more stainless-steel lengths of similar or dissimilar 
contour can be extruded in one cycle. This practice 
affords increased production and reduced costs for 
the designer. For example, on a 12,000-ton press 
facility, fifty 20-foot lengths of 1/-in. steel rod can 
be extruded in one 3-second push. 

Another multiple-part extrusion method produces 
four angles in a single push, each having one leg- 
section thicker than the other. The extrusion ratio 
is proportionately lowered as the number of orifices 
is increased. 
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Differential Mounted on Frame 


Bevel-geor and 
differential housing (on frame) 


Propel ler 
shoft 


Dead axle 
Fire-Truck Axle 
Spring 


Axle housing 


Bevel-gear differentiai 
and reduction-gear housing 
Universal joints 


Propeller 
shaft 


Drive axle 


Conventional Axle 





MAXIMUM OFF-ROAD MO- 
BILITY is designed into a new 
military fire truck which com- 
bines some of the features of 
a sports car with the charac- 
teristics of a heavy earthmov- 
ing machine. As reported by 
Theodoric B. Edwards, con- 
sultant, U. S. Army Engineer 
Research and Development 
Laboratories, Ft. Belvoir, Va., 
the vehicle can travel 60 mph 
over primary roads and can 
negotiate cross-country terrain 
at speeds to 40 mph. 

The aluminum truck is de- 
signed for use against fires in- 
volving unconventional fuels 
and other large scale fires. 
It is equipped with a remote- 
controlled turret and carries a 
1000-gallon water tank, a 
150-gallon tank for concen- 
trated foam, and a 1500 gpm 
pump. It is shown with a 
2000-gal water trailer at- 
tached. 
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Reduces Vehicle Unsprung Weight 


INDEPENDENT OPERATION of pump clutch and 
vehicle clutch makes it possible to maneuver 
truck at low speeds while pumping water or 
foam. The pump is driven at full speed direct- 
ly from the torque converter by a shaft passing 
through the hollow primary transmission shaft. 
Engagement or disengagement of the vehicle 
drive clutch in no way interferes with pump 
operation. 


UNSPRUNG WEIGHT is reduced in this 36,000- 
Ib vehicle by mounting the bevel gear and dif- 
ferential on the vehicle frame. Short universal 
joint shafts connect the output of the differential 
to internal gears in each wheel. With the final 
speed reduction in the drivewheels, the torque 
load on the driveshafts, bevel gears, brakes, 
and universal joints is reduced to a fraction of 
that required for direct drive. 


Hollow shaft 


Pump 
clutch clutch Torque converter 
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Outboard Motor Mounts on 


Wooden, Folding, or Rubber Boats 


Side-mounted outboard motor made by Zundapp-Delphin of Germany is de- 
signed to mount on wooden boats, inflatable rubber boats, and folding boats. 
A different basic suspension device is available for each boat type according 
to O. K. Grade, Grade Engineering Co., Springdale, Conn. 


Exhaust-pipe 
colior nut 


THE VERSATILE OUTBOARD consists. of a two-stroke engine, propeller 
shaft, and support bar with a ratchet. The engine and propeller shaft 
can be disconnected from each other for easy transport by removing three 
wing nuts and uncoupling a collar nut on the exhaust. The ratchet connects 
the motor to a suspension device mounted on the boat. 

A water spray on the head cools the engine, which is also air cooled. 
The cooling water enters the support pipe through a strainer-protected 
hole in the U-shaped skeg and is carried to the spray jet. 


FOR FOLDING BOATS, the suspension mounting consists 
of a main support bar on which two clamps can be 
moved closer together or farther apart. 


FOR WOODEN BOATS, the mounting device is made up 
of a base plate with rubber cushions, which are fastened 
to the boats by four screws. 


FASTENING LINKAGE for Metzeler rubber boats is com- 
posed of the front part with steering handle, the stern 
member with motor support plate, and two pipes be- 
tween. 
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Removable Spacers Center Rotor 


in Bearingless Motor During Mounting 


ELECTRIC STARTER MOTOR for rotary lawnmower fits on engine crankshaft un- 
der the mower deck. Built by General Electric, the capacitor-start motor is de- 


signed for engines which rotate in a clockwise direction and have standard 


crankshaft lengths. 


UNIFORM AIR-GAP SPACING between rotor and stator is 


achieved with three flat 
plastic spacers. In as- 
sembly, after the rotor 
is mounted on the crank- 
shaft, the stator and its 
housing are placed over 
the rotor. Three slots in 
the stator housing per- 
mit insertion of the 
spacers establishing a 
uniform air gap be- 
tween rotor and stator. 
The stator housing is 
then bolted to the en- 
gine with mounting 
bolts and the plastic in- 
serts are removed. 
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Plastic air-gap spacers 
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THERMAL STRESSES 





OMPUTATION of elastic stresses is the first 
step in thermal-stress analysis. For completely 
brittle materials, elastic stresses govern frac- 

ture, and further computations are not usually re- 
quired. For ductile materials, or in cases where 
creep is possible, the computed elastic-stress dis- 
tribution indicates whether further computations 
must be made to include plastic flow and creep, and 
serves as a baseline for making such computations. 
This article presents an outline of a number of meth- 
ods effective for determining thermal stresses in the 
elastic range. 


> Basic Relationships 


Methods used for determining thermal stresses in- 
volve several elasticity relationships. Here, discus- 
sion of these relationships is limited to two-dimen- 
sional problems in rectangular co-ordinates. Cor- 
responding equations for three-dimensional cases, 
and for other co-ordinate systems, are found in 
standard texts on elasticity. Discussion also relates 
primarily to plane-stress problems, and the method 
of conversion to problems in plane stress is discussed 
in a later section. 


Equilibrium Equations for Stresses: These equa- 
tions arise from the fact that each body element 
must be in equilibrium under the action of forces 
imposed upon it. They are identical to those used 
in any elasticity problem,® since they are concerned, 
not with how these stresses arise, but with relations 
that exist among the stresses present. 

Oox 


+ ape $XZO 14 
.*-<x (14) 


da Or. 
te tee + YG (15) 
dy Ox 


*References are tabulated at end of article. 
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Compatibility Equations for Strains or Displace- 
ments: These equations state mathematically that 
various strains cannot vary in a random manner; 
there must be relations among the strains that in- 
sure against introduction of discontinuities in a body 
as various elements are displaced relative to each 
other. Again these equations are identical to those 
for the general elasticity problem,? and reduce to 


Qe, dey 
dy? Ox? 
Stress-Strain Equations: The relationships between 
stresses and strains are the only ones which differ 
in the thermal-stress problem from the general 


elasticity problem. In the latter, only strains due 
to the stresses are present, whereas problems involv- 


<—e (16) 
Oxdy 





Nomenclature 





= Arbitrary constants for multiply-con- 
nected bodies 
Elastic modulus 
Thickness 
= Direction cosine 
= Direction cosine 
Distance normal to boundary surface 
Radius or radial 
= Distance along boundary surface. 
Temperature 
= Body forces 
= Components of boundary stress 
Coefficient of expansion 
Strain 
= Poisson’s ratio 
= Density of material 
= Normal stress 
= Shear stress 
Stress function 
= Laplacian operator 
= Operator 
Line integral 


Ps 
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Part 6—Elastic Stress Analysis 


* Basic Relationships 
* Working Equations 


ing temperature changes must include strains due to 
thermal expansions, aT. 


c= | 02 mloy + 02) |+er (17) 


Similar relationships exist for e, and e,. 


Boundary Conditions for Stresses or Displace- 
ments: The distinguishing feature among many 
elasticity problems lies in the type of surface forces 
or constraints. These surface forces do not show 
up directly in the differential equations of equilib- 
rium or compatibility, but become important when 
the equations are integrated and the constants of 
integration determined. Surface force components® 
are determined in terms of surface stresses by ap- 
plication of equilibrium equations to surface ele- 
ments. 


X, = loz + mtx (18) 


A similar equation exists for Y,. 

In most practical cases involving only elastic stress, 
effects of the thermal stress and of the externally 
applied loads may be separated and treated in- 
dependently, and then added to obtain the total 
stresses. Hence, in determining the thermal stresses, 
the surface stresses may be taken as zero. 


Special Boundary Conditions: For multiply-con- 
nected regions the surface forces do not completely 
define the resulting internal-stress system. The most 
general solution satisfying the temperature distribu- 
tion and boundary conditions contains three arbi- 
trary constants for each degree of multiplicity; that 
is, the solution for a body with n separate boundaries 
in addition to the outside boundary contains 3n ar- 
bitrary constants. These constants allow for various 
types of displacements or dislocations, Fig. 46. 

For the thermai-stress problem in which only 
the temperature is varied in the body, none of these 


Fig. 46—Basic types of dislocations for circular ring 
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THERMAL STRESSES 
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shows stresses used 


dislocations are actually introduced, and the con- 
stants must be chosen to make each of these dis- 
locations zero. Equations were first derived by 
Mitchell® but a simple account of the formulation 
is given by Mindlin and Salvadori.’ The final equa- 
tions, for plane stress in which body and surface 
forces are absent, give stresses which are caused by 
thermal effects only, not dislocations, 
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> Working Equations 


In the derivation of equations for solutions of 
thermal-stress problems, use is made of the basic 
relationships previously discussed. The equations to 
be defined are important, but also of importance are 
the methods of derivation, since these methods indi- 
cate analysis techniques. 


Use of Equilibrium, Compatibility, and Stress- 
Strain: The most general two-dimensional problem 
involves six unknowns of stress and strain, express- 
ible in general differential equations. Rarely, how- 
ever, is it desirable to start with the six equations in 
a particular problem. It is best to manipulate the 
large set of general equations into a single general 
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for derivation of equilibrium equations 


equation in one unknown quantity and to determine 
all stresses and strains of interest in terms of this 
quantity. This quantity is known as the stress func- 
tion and is described later. Sometimes, however, it 
is best to resort to the concepts involved in the con- 
ditions of equilibrium and compatibility to arrive 
at a final working equation simply and directly. 
This approach is particularly valid in simple cases 
involving symmetry, or when it is obvious that some 
of the stress and strain components can be omitted. 

To illustrate this approach, the three-dimensional 
nature of the rotating contoured disc with tempera- 
ture gradient, Fig. 47, is taken into account only 
insofar as the thickness changes with radius.’ Con- 
sidering the equilibrium of a radial element and 
recognizing that shear stresses vanish because of 
symmetry, the only nontrivial equation becomes that 
of radial equilibrium: 

d . baie 

—— (rho,) — hoz + pw?r?h = 0 (22) 

dr 

For the compatibility equation, the strains are 
expressed in terms of displacements. In this case, 
only the radial displacement u of an element need 
be considered. Expressed in terms of u, the radial 
strain e, = du/dr and the tangential strain e, = u/r, 
from which 


d 
ey = (ret) (23) 
dr 
Using the stress-strain relations similar to those of 
Equation 17 and neglecting stresses normal to the 
disc, the compatibility equation becomes 


ate, 


dr 


(aT) 


(1 + p) (¢, - or) 
Er 


(24) 





The values for o, and o; are found by solving Equa- 
tions 23 and 24 simultaneously. 
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Equivalent Body and Surface Forces: The simplest 
way of setting up a thermal-stress problem is to re- 
place it by an equivalent problem of known body 
and surface forces. The body is first imagined dis- 
sected into a number of elemental units, and each 
unit is constrained from any thermal expansion due 
to its temperature by the application of suitable ex- 
ternal forces. Fortunately, because shear stresses are 
absent in the dissected system it is very simple to de- 
termine the necessary force system to produce the 
constraint by reference to elementary considerations 
or to the equilibrium equations. 

The body is then imagined re-connected in its 
constrained form so that it has exactly the same 
shape as before the change of temperature. The ex- 
ternal forces are then removed. This is equivalent to 
considering the application of a force system of equal 
magnitude but opposite sign. However, since the 
force system is now applied to the continuous body 
wherein shear stresses can exist, the problem of de- 
termining the stress distribution due to the force 
system can become complicated and must be treated 
as a general elasticity problem. 

Use can also be made of simplifications nor- 
mally introduced in elasticity problems. Once the 
stresses are determined for the equivalent loading 
problem they are added to the initial stresses intro- 
duced by the constraining system in the dissected 
term, yielding the net stresses. This approach 
in its most elementary form is best illustrat- 
ed by using a simple symmetrical blade, Fig. 48. 
A temperature distribution T T,(x) is assumed 
along the blade chord, but along any chordal di- 
mension the temperature is constant through the 
thickness and along the blade length. 

Imagine that the blade is divided into a series 
of slits by cuts along the entire length. Each slit is 
at uniform temperature and, hence, will expand 
freely in the axial direction an amount aT,. Now, 
imagine that each of the slits is brought back to its 
initial dimension by application of a compressive 
stress, ¢ = EaT,. Since the blade now has its origi- 
nal dimensions, it can be reglued along the initial 
cuts. 


This system now differs from the initial blade by 
the presence of an edge stress ¢ = —EaT,. To make 
the two the same, a positive stress EaT, is applied 
along the edge. Every point in the reglued body 
now has added to it a stress associated with the 
external edge stress system « = EaT,,. In the reglued 
body, however, the elemental slits are not free to 
strain independently. They strain as a continuous 
elastic system, and the stress distribution due to the 
external force system is obtained according to elastic 
theory. In the vicinity of the applied edge forces, 
the localized stress system becomes fairly complex 
and is analyzed by application of more rigorous 
methods. 

However, if the blade is long compared to its 
width, the stresses remote from the edge are readily 
determined by applying St. Venant’s principle.1? The 
applied surface stress system may be replaced by its 
static equivalent, that is, its resultant force and 
moment. The blade is then treated as a beam with 
force and moment applied. 
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GENERAL Approach Usinc DuHaMEL’s ANALOGY: 
The approach previously discussed is easily extended 
to more complex cases of two and three dimensions. 
In the most general three-dimensional case, the 
first step is to imagine each element cut out and 
separated from its neighbors. Free to expand, each 
element would elongate equally in all directions an 
amount aT. Hence, e, = ey = e: = aT and ty = 
Ty: = Taz = 0, since uniform expansions do not in- 
troduce shearing strains. Next, imagine external 
loads applied to each element to force it back to the 
original dimension. Such loads must be equal in 
all directions and of magnitude o, = o, = —EaT/ 
(1 — 2). The term (1 — 2) takes into account 
the Poisson’s ratio effect of the three-dimensional 
stress system, and no shear stresses are needed. All 
elements now have their original size and fit together 
perfectly as separate elements without shear stress 
between them. 

Equilibrium equations alone suffice to establish 
the forces that will produce an internal stress system 
of ag = ey = o, = —Eal/(1 — 2p) and te = 
ty: = Tez = 0. The equations apply whether the 
body is continuous or segmented, but in the seg- 
mented form, simplification arises because the shear 
terms are absent. Equations 14 and 15 are valid 
in three as well as two-dimensional cases. Therefore 
these equations and a similar symmetric equation 
in the z direction are applied to obtain the required 
body forces, assuming E and , as constants. 


aE oT 3 aE oT 


(l— 2p) Ox (l— 24) Oy 


aE oT 
ae Comins. eae (25) 
(l—2s4) 22 


Stresses at the surface must be consistent with 
the requirement of hydrostatic pressure, so a normal 
stress ¢ = —EaT/(1 — 2,) is also required on each 
element of surface. 

The body in its segmented form, but of restored 
shape, differs from the true body in three respects: 
(1) No shear stresses are permitted between ad- 
jacent elements, although they fit perfectly together 
to form a body of the original shape. (2) The ex- 
ternal loading system given by Equation 25 is pres- 
ent. (3) Each element is subject to a hydrostatic 
stress o = —EaT/(1 — 2n). 

To bring the two bodies into coincidence, the 
segments must be joined together and the imaginary 
external force system removed. It is emphasized that 
when the imaginary external force system is removed 
from the continuous, joined body, the effects of 
the system are different from those on the segmented 
body. The problem becomes one in the elasticity of 
the continuous body subjected to the force system 
of Equation 25 with opposite sign. This force system 
introduces shear stresses because of the continuity 
of the body. 

As a result of the foregoing discussion, it is pos- 
sible to reformulate any thermal-stress problem in 
terms of a body and surface force problem in the 
following manner. 

Let the body be initially at zero stress under uni- 
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form temperature. If the temperature at each point 
(x, y, z) is increased by a value T(x, y, z), then 
the thermal stresses that result are equal to the 
stresses in the same body obtained as follows: 


1. Apply to each element of volume throughout 
the body a body force having the components 
of Equation 25 per unit volume, but of opposite 
sign. 


. Apply at every point on the surface a force 
per unit area of EaT/(1 — 2y). 


. Solve for the elastic stresses oy, oy, o, in this 
hypothetical elasticity problem; and add to 
each of these stresses the stress 0 = 
—EaT/(1 — 2.) to obtain the true stresses 
On’, Oy, o.'. 


In the foregoing analysis, the body forces are 
hypothetical and should not be confused with true 
body forces, which might actually be applied on the 
body. Where such actual body forces are applied, 
their effects should be separately determined and 
superimposed on the above stresses. 

SIMPLIFICATION: It is not always necessary to con- 
strain the expansions in all three directions during 
the first stage of problem setup. If the plate is thin, 
the constraint may be limited to expansions in the 
xy plane. This permits the necessary expansion in 
the z direction, due to thermal effects and constraint 
in the xy plane. While this violates some of the con- 
ditions of compatibility, it is usually permissible with- 
out introducing serious error. The procedure then 
follows the same line of reasoning, with (1 — 2,) 
replaced by (1 — ,), and all stresses in the z-direc- 
tion neglected. 

The concept can be carried one step further by 
applying the constraint in only one direction, as in 
the blade problem. Strictly evaluated, this procedure 
is not correct. Although the mechanical loading sys- 
tem restores the longitudinal elements to their origi- 
nal size, they still do not fit in the other dimensions. 
However, if the transverse dimensions are small in 
comparison with the longitudinal dimensions, viola- 
tion of the compatibility conditions may introduce 
little error. In this case the (1 — 2) term is re- 
placed by unity. 

Whether the problem is set up in a one, two, or 
three-dimensional form greatly affects the complexity 
of the solution, while in some cases the final re- 
sult is not greatly affected. 

Therefore, when a new problem is set up, con- 
straints should be kept at a minimum in order to 
simplify the formulation. Sometimes it is desirable 
to follow up a one-dimensional formulation by a 
two-dimensional one, with the solution of the former 
as a guide for solving the latter. 


Use of Stress-Functions: If a function ¢, known 
as a stress function, can be found so that 


02% 02% 
= = _- 9 
e dy? y Tay dxdy (26) 


then the equilibrium Equations 14 and 15 will auto- 
matically be satisfied for X and Y = 0. 
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Considering the plane-stress problem, the strains 
are expressed in terms of the stress function by use 
of Equations 20 and 26, neglecting o,. Substituting 
these strains into the compatibility Equation 16 re- 
sults in the biharmonic equation 


del*¢ + Eadel?T = 0 (27) 
where 
Che 204 04 
dP st 5 > pein F aioe 
Ox* 0x2 dy? dy* 

Thus, if Equation 27 is solved for ¢ the stresses 
can be determined from Equation 26. In solving for 
¢@ from Equation 27, boundary conditions must be 
imposed. These are obtained from the fact that the 
normal and shear stresses on each surface are zero. 
Substitution of these stresses, in terms of the stress 
function, into the boundary conditions Equation 18 
results in 


02 d 02 d 
a i Hames cue wee 0 (28) 
dy? ds Oxdy ds 


and 
29 d a2@ dx d d¢ 
y = 0 = 0 


RS | ATED — — or 
Oxdy ds dx? ds ds 0x 
Integrating Equations 28 and 29, 


Op Op _ 


along any boundary. Here, a and b are arbitrary 
constants. These equations are satisfied if along each 
boundary, 


@=axt+ byte (31) 


If the body has only one boundary, a, b, and c 
can be taken equal to zero, since a stress function 
which is linear in x and y can be added to the solu- 
tion without affecting the stresses. The arbitrary ad- 
dition can thus be made to cause the boundary 
values and derivatives to be zero. If there is more 
than one boundary, then the arbitrary addition can 
cause the stress functions and derivatives to vanish 
at one boundary only. There will still remain non- 
zero values at the other boundaries. 

The boundary conditions to be used in conjunc- 
tion with the biharmonic solution are; for a singly- 
connected region or for the outer (or any other 
single) boundary of a multiply-connected region, 


(32) 
and for each of the other boundaries of a multiply- 
connected region 

d = anx v bny + Cn (33) 


rs) 
oan tt he (34) 


dy 
Equation 33 gives the values on the boundary 
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while Equations 34 provide information on how the 
stress function varies just inside the boundary. Ac- 
tually, there is a slight redundancy here, since either 
of Equations 34 in conjunction with Equation 33 
provides the same total information. Application of 
these equations will be illustrated in a later article. 


Formulation of Plane-Strain Problems: A com- 
parison of derivations of plane-stress problems shows 
that all formulas for the case of plane stress can be 
converted to plane strain by replacing E, », and a 
by E’, »’, and a’ where 


a, ee “ ,— a1 +) 
E’ = p= a’ = 


(1 + )? (1 + 22) (1 + 2g) 


Hence, for the case of plane strain, the biharmonic 
Equation 27 is replaced by a similar equation in 
which Ea becomes Ea/(1 + ,). Similarly, the single- 
valuedness conditions, Equations 19, 20, and 21, be- 
come the same relations with Ea replaced by Ea/ 
(1 + »). 





The next article in this series will discuss the solu- 
tion of thermal stress problems in the elastic region 
by exact methods and by the application of the beam 
theory. 
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They Say... 





“Engineering and science have brought our civil- 
ization to its present stature. They have the re- 
sponsibility to participate in seeing to it that it is 
used for creative rather than destructive ends.”— 
Louis R. Howson, president, American Society of 
Civil Engineers. 


“Technology is not just a means of displacing 
labor. It produces more things for all with less 
labor and more relaxation for all.” — Lous R. 
Howson, president, American Society of Civil En- 
gineers. 


“We have been living in a period of raw material 
luxury. Now we face ever-increasing periods of 
poverty of natural resources. Conservation, sub- 
stitution, and replacement must be essential ingre- 
dients of our future economy.”—Joun T. ReTrawiata, 
president, Illinois Institute of Technology. 





Not often associated with structural functions, graphite parts 

have exhibited surprising ruggedness in critical rocket and missile 
applications. Increase in strength with temperature, chemical inertness, 
and excellent machinability make this material desirable for many applic- 
ations. Its versatility is further increased by the fact that it can be 
plated, coated, and impregnated with a variety of other materials. Here 
are the basic factors in designing . . . 


MACHINED GRAPHITE 


In a baptism of fire in its truest sense, these rocket parts 
prove that graphite is capable of withstanding extremely high 
combustion temperatures plus erosion. Fuel liners, top, and 
discharge vanes, bottom, were machined from graphite blocks. 
Complexity of contours of the vanes, edge-sharpness, and sur- 
face finish attainable show graphite to be a versatile material 
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COMPONENTS 


ECAUSE graphite has proved to be capable 

of withstanding the imposed operating con- 

ditions of temperature and erosion, it is cur- 
rently used for solid-fuel rocket nozzle inserts and 
for divergent cone sections. It is also used to a 
limited extent for liners and vanes in the discharge 
portion of the rocket. Excellent heat conductivity 
and rapid dissipation of heat make graphite suit- 
able for heat exchangers, bearings, brushes, and 
seals in other sections of the rocket. 

The majority of these components, machined 
from commercially available graphite blocks, in- 
corporate design practices which are recommended 
here for other high-temperature parts. 


Properties: Graphite not only has excellent ther- 


mal shock resistance but is unique in that strength 
increases with temperature, Fig. 1. It is 99 per 
cent chemically pure and resists reaction with al- 
most any other substance. This “machinable ceram- 
ic” can be machined into practically any prescribed 
shape within extremely close tolerances and with a 
minimum of special equipment. 

Graphite can be given additional properties, or 
desirable properties can be augmented, by means 
of coatings, impregnations, and plating processes. It 
is commercially impregnated with a variety of res- 
ins, waxes, and oils and with such metals as cop- 
per and silver. Graphite can be coated with alumi- 
num oxide, zirconium oxide, silicon carbide, and 
other protective coatings. It can be plated with any 
metal that can be deposited by electroplating. 
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Fig. 1—Effect of temperature on ultimate tensile strength of graphite. 
Strain rate is 0.00005 in. per in. per sec, 
Increase in tensile strength with temperature is a characteristic of 


within 20 sec. 


Nominal 
Specimen was heated to test temperature 


graphite which is advantageous in many high-temperature applications 
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MACHINED GRAPHITE COMPONENTS 





In many applications, impregnations and coat- 
ings are used to prolong the life of the graphite 
component. In rockets, for example, erosion by high- 
velocity gases has been reduced by as much as 40 
per cent by such processes. 

Graphite is a relatively light material with a spe- 
cific gravity of only 1.5 to 1.8. Thus, graphite com- 
ponents have added a minimum to over-all weight 
of critical missile installations. 


Component Size: To date, few applications have 
required the size of graphite components to exceed 
24 in. in diameter and 40 in. in length. Such com- 
ponents have been fabricated from a single block 
of graphite. However, these dimensions should not 
be considered the ultimate limit, since larger blocks 
are possible and, for very large components, sec- 
tions are laminated from small blocks. Recom- 
mended minimum size of graphite parts is approxi- 
mately 1/ in. diam and 3/16 in. long. 


Available Shapes: Manufactured graphite (electro- 
graphite) is available in molded and extruded shapes 
of various sizes and grades, Table 1. Electrographite 
contains flour of a certain fineness and a suit- 
able binder. Extruded and molded shapes are baked 
for approximately one month at 1800 F to set the 
binder. Conversion to graphite is accomplished by 
furnace processing at 4000 to 5500 F. This graph- 
itizing process may take an additional month to 
complete—a factor which affects availability to some 
extent. Processing techniques vary, but formulation 
of each grade is closely controlled to insure dupli- 
cation of properties and performance characteristics. 


Design Recommendations: Graphite can be ma- 
chined to extremely close tolerances, but cost of fab- 
rication increases as tolerances decrease. At pres- 


ent, tolerances on inside diameters are maintained 
at +0.002 in. per inch to a maximum of +0.010 in. 
Tolerances on outside diameters are +0.002 in. for 
diameters to 5 in. and +0.004 in. for larger diam- 
eters. An example of recommended tolerances on 
critical dimensions of an actual graphite rocket part 
is shown in Fig. 2. 

Certain design features should be avoided when- 
ever possible because of the nature of graphite. For 
example, knife edges always present a chipping prob- 
lem during manufacturing, shipping, and final as- 
sembly. Where possible, flat or chamfered edges 
are preferable. Similarly, outside corners are sub- 
ject to chipping and notching, and design modifi- 
cations such as chamfers or radii should be pro- 
vided to protect against damage. In some instances, 
a small collar or step can be machined onto a part 
as a protective device and subsequently removed at 
the user’s plant during final assembly. 


Fabrication Problems: While most design require- 
ments can be met by the graphite manufacturer, 
some users suggest that fabrication of components 
might best be accomplished at their plants to ex- 
pedite production, eliminate shipping and handling 
of complex parts, and cut costs. 

However, machining of graphite involves spe- 
cialized techniques and presents some unusual prob- 
lems. While most machining is done with standard 
tools, special procedures must be followed to offset 
the problem of dust, for example, with special dust- 
collecting systems. Graphite dust is abrasive and 
potentially destructive to machine tools. It is also 
electrically conductive and a safety hazard because 
of its slipperiness. 

Special handling techniques are required during 
manufacturing to prevent chipping, splitting, and 
notching. Unless graphite is handled properly, re- 
jects and scrap loss are unnecessarily high. For 
these reasons, it is preferable that as much machin- 
ing as possible be handled by the manufacturer. 


Table 1—Available Sizes and Properties of Electrographite Blocks 





-Section Shape———_-—————-—- ———_Process—— 


Diam Length Length Width Thickness 


Maximum 
—Round*-———- ————Rectangular*—-——- Molded Extruded Particle Size 
(in.) Specified Min Typical Specified Max 


—Resistance—— Transverse Strength 
(ohm-in. ) (psi) 
Typical Specified Min Typical 


——Density—— 
(grams/cc) 





6% 0.008 1.60 1.65 
14% 


0.00055 0.00040 3000 3900 


0.008 1.60 1.64 
0.008 1.63 1.75 


0.00050 
0.0005 


0.00040 3000 3850 


tol 0.00045 2900 7000 


1% to 2% 0.008 1.63 1.73 0.0005 0.00045 2600 3100 


2% tod 
3 to 14 
3 to 14 


0.008 1.60 1.63 
0.032 1.60 1.68 
0.032 1.65 1.75 


0.0005 
0.0004 
0.00041 


0.00045 2300 2800 
0.00029 1900 2600 
0.00025 2200 2400 
16 to 24 
to 2% 

2% to 8% 


0.032 1.60 1.78 
0.008 1.60 1.69 
0.008 1.60 1.63 


0.032 1.50 1.52 
0.008 1.48 1.55 
0.008 1.60 1.65 
0.032 1.48 1.55 


0.00043 
0.0004 
0.0004 


0.00048 
0.00047 
0.00043 
0.00047 


0.00030 1900 t 
0.00027 2400 2500 
0.00027 2400 2600 


0.00033 1600 2000 
0.00035 2000 3600 
0.00033 2500 4500 
0.00035 1500 1800 


0.00043 0.00033 2000 3000 
0.00045 0.00027 2000 2700 
0.00045 t 2000 t 


9 to 24 


0.032 1.60 1.65 

0.032 1.60 1.72 

0.032 Design Approx. 
density 1.85 


MMM KKK RM RK OK 





*All dimensions in inches. +tNot available 
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All graphite parts presently required for rockets 
and missiles must be machined from stock rather 
than cast or molded because of shrinkage and other 
factors involved in baking and graphitizing. Cast- 
ing and molding is commonly used for many types 
of small components. Lead time for baking and 
graphitizing large cast or molded parts would run 
into several months, whereas the same parts are 
machined from stock in much less time. 

Graphite cannot be machined to the same degree 
of surface finish as metals, nor can the finish be 
measured in the same way. Because of its high 
porosity (to 30 per cent), graphite’s surface finish 
depends upon particle size, properties, and machin- 
ing techniques. Porosity is an advantageous prop- 
erty because it increases resistance to thermal shock. 


Joining Methods: Circular parts are usually joined 
by interference or force fits for OD sizes under 8 
in. Such parts must be manufactured within a 
tolerance of 0.003 in. on dimensions of the receiving 
member. Large graphite inserts are joined to dis- 
similar parts by shrink fitting. Metallic parts can 
be expanded by heating and the graphite part in- 
serted. Graphite can also be joined to other parts 
by threading and fastening with standard bolts. A 
coarse-thread series is preferred in this method. 

Cements have been used with graphite to some 
extent but are not effective at elevated temperatures. 
In the present missile and rocket applications men- 
tioned, they serve merely to hold the part in place 
until used. No entirely satisfactory cement has been 
developed for graphite to date. 
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Dimension 
(in.) 


Radius Centerline 


Length of Radius 


Step Dimension 





To 1 


+0005 | t0010 | t0.010 0.020 x 0.020 





1to2 


+0.005 | +0010 | +0010 0.030x 0.030 





2to3 


+o.005 | t0010 |} 40010 | 0030x 0.030 





3to4 


+ ! + 


ry = 0.040 x 0.040 


0.005 





4to5 


flat on 


+ « + 
= 0.005 i enfrance end 





5 to10 


+0.010 += As above 





10 to 15 


+0.010 As above 





15 to 20 


+0010 As above 
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How to increase accuracy in a comple- 
mentary cam system by designing both 


cams for back-to-back machining. 
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Cams 


By DAVID C. ALLAIS 


Associate Engineer 
Complementary cams Research Laboratory 
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C OMPLEMENTARY cam systems are generally 

superior to systems using spring-loaded follow- 
ers, especially in high-speed mechanisms 
where transient dynamic loads result in poor fol- 
lower action. 

Conjugate cams generally require two contours but, 
in some cases, a single contour can be used for both 
the active and complementary cam if the follower 
Cam Rotation (deg) translates radially or oscillates. For example, a single 
ameneonem contour can be used for a dwell-rise-dwell-fall pro- 
Preferred type of profile for single-contour comple- file where the dwells are of equal duration. The 
meneney Gee. rise and fall are independent and need only be sym- 
metrical curves like the cycloid or balanced trape- 
zoid. 

The single-contour system permits both cams, 
placed back to back, to be generated simultaneously 
on an ordinary milling machine. After using the 
same setup to bore the locating holes on the fold 
line, the complementary cam is then reversed and 
pinned to the active cam through the fold holes. 

In Fig. 1, angle @m- is often referred to as the cor- 
rected cam angle and will usually be different from 
the cam rotation, 6, Fig. 2. Although the cam angle 
¢ between the two followers will vary with a change 
of follower position, ¢, occurs when the followers 
are at midtravel. 

In Fig. 2, Am; and @m2 are the angles of cam ro- 
tation at which the follower is midway between its 
extreme positions. For the complementary cam to be 
a mirror image of the active cam, h, must equal he 
for all values of A@. 

For an oscillating follower, the fold holes are lo- 
cated at Amc + Yo bm, and 180 degrees away from 
this position. The fold holes for a radial translating 
follower are located at 4; + 90 degrees. 








Follower Displacement 














Method of manufacturing the cams: 

a—Cams are milled in one setup taking cuts each 14 degree 
to nearest 0.0001 in. Dowel-pin holes are bored on the 
fold line. 

b—Cams are inverted and pinned with 34-in. dowel pins. 
c—In actual installation, cams operate with maximum back- 
lash of 0.001 in. 





A motor that can be stalled 
for short or long periods of time... 


and can also work at any speed 


within its range... 


THE 
TORQUE 
MOTOR 


will do these jobs: 


hold brake 
position wind 
traverse control lock 
index clamp 


tighten 


By S. NOODLEMAN 
Vice President 

B. A. Wesche Electric Co. 
Cincinnati, Ohio 


ONTINUOUS stalled operation is one of the 
C unique possibilities offered by the torque mo- 

tor. Or it can be used for any degree of 
cycling at the stalled or near-stalled condition. It 
works from zero speed, supplying torque only, to 
speeds close to its synchronous speed rating. 
Throughout this varying speed range it supplies 
both torque and speed. 

Although it is not by itself a variable-speed ac 
motor, it is a variable-torque motor in that its torque 
can be easily controlled from a small percentage of 
its torque value up to rated torque. 

In contrast, the standard induction motor can 
be stalled only for a very short time without causing 


Fig. 1—Effects of stall torque on typical torque-motor frame 
dimensions. Curves are for 900-rpm, synchronous-speed 
torque motors and are based on one start and one coast-to- 
stop per cycle. For a plug-stop or plug-reverse, the torque 
rating must be reduced for a given frame size. Numbers 
at points along the curves indicate the approximate maxi- 
mum time in minutes | gga ne for one stall period. If 
longer stall is required, a motor with higher duty rating 
or lower synchronous speed must be used 
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THE TORQUE MOTOR 





damage to the windings. Also, it provides power at 
a speed which is essentially constant and not readily 
changed. 

The torque motor is not usually rated in horse- 
power but is instead stamped with values of torque 
and current for the stalled condition. When horse- 
power is shown on the nameplate, it is related to 
a certain speed; generally, for both horsepower and 
speed the given values are “nonstandard.” 

The design of a torque motor depends upon the 
duty cycle. Period or degree of stalling affects the 
amount of heat generated in the motor. Hence, 
physical size of the motor is determined largely by 
this factor and by the allowable temperature rise 
and the method of dissipating heat. Locked-rotor 
currents existing for any length of time practically 
demand forced cooling, if size and weight are to be 
held within reasonable limits. 

Need for a reversible motor that must provide 
torque in both directions of rotation, or type of 
power supply, whether dc or single or polyphase ac, 
presents in each case its own design requirements. 

Although torque motors are nonstandard, they 
are housed, by and large, in standard frames. Fig. 1 
shows a representative progression of frame dimen- 
sions for various torque and stall conditions. Theo- 
retical curves, of course, would be “smooth.” 
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In some circumstances, packaging the right 
amount of iron and copper and taking care of the 
heat problem may lead to motors of special propor- 
tions—large diameter and short length, or vice versa. 

Manufacturer’s data, such as those on which 
Fig. 1 is based, provide a basis for selecting a motor 
to match the duty cycle. Chief criteria are maximum 
torque, synchronous speed, and time stalled. Also 
helpful are indications of maximum allowable stall 
periods, shown along the curves in Fig. 1. 

For example, assume that for a 2-hr duty cycle 
a motor is selected with these ratings: Continuous 
stall period of 60 min and 50 per cent stall time. 
The motor would perform satisfactorily if the duty 
cycle were comprised of 60 min stall and 60 min 
(50 per cent) running (or cut off). 

One might easily think that this same motor 
would be satisfactory for a cycle such as 55 min stall, 
5 min cool, 55 min stall, and 105 min cool. After 
all, no stall period is as long as the allowed 60 min, 
and the motor is stalled for only 50 per cent of the 
longer 220 min cycle. However, the motor is being 
allowed to cool for only 5 min between two 55-min 
stall periods. Sufficient motor cooling in this cycle 
would probably require a motor with the next higher 
duty rating. 

The torque motor with 5 per cent allowable stall 
time and a 5-min maximum continuous stall has a 
relatively small amount of iron and copper that 
quickly reaches its temperature limit. The thermal 
lag of larger motors allows them more time at stalled 
condition, but also requires a longer cooling period 
between extended stall operations. The motor de- 
signed for 100 per cent stall time, or continuous 
stalled operation, requires the largest frame dimen- 
sions for proper heat dissipation. 

Torque motors are available in a wide range of 
synchronous speed ratings, such as 450, 600, 900, 
1200, 1800 rpm. Also, for each synchronous speed, 
motors can be selected from an extended progression 
of torque capacities. Since wattage loss, and con- 
sequently heating, are reduced as synchronous speed 
decreases, selection of the lowest possible synchro- 
nous speed for the job becomes quite important. 

Nearly all types of torque motors conform to the 
usual mechanical requirements associated with stand- 
ard motors. The conventional squirrel-cage induc- 
tion-motor construction is used for most applica- 
tions. Torque motors are readily available with 
double-shaft construction, totally enclosed or ex- 
plosion-proof construction, or shell-type shaftless- 
rotor construction, and with any of the special fea- 
tures required for operation at high humidity, high 
temperature, or severe vibration. 

Winding, rapid traversing, indexing, clamping, 
and holding are kinds of service to which the torque 
motor is ideally suited. 


Winding: Ability to maintain either constant ten- 
sion or constant speed makes the torque motor 
especially suited to winding operations. As material 
builds up in the reel, the motor slows down and 
the torque increases. 

When motors are used for winding duty, one of 
the two following conditions must be met: 
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Fig. 3—Torque motor used to 
rapid-traverse a lathe carriage. 
Photo, courtesy Boye & Emmes Ma- 
chine Tool Co. 


Fig. 4—Special milling machine 
with torque motor for indexing 
work fixture. Photo, courtesy Cin- 
cinnati Milling Machine Co. 


. If the material is fed to the final take-up motor at 
constant linear speed, the motor must maintain con- 
stant tension throughout the range of build-up of 
material on the reel. 

2. If the material is fed to the final take-up motor 
under constant tension, the take-up motor must 
maintain constant linear speed of the material. 


A series of actual speed-torque characteristics for 
winding-duty torque motors is shown in Fig. 2. 
Throughout approximately a 2 to 1 range of build-up 
of material, the motor essentially maintains the re- 
quired conditions. 

Selection of a torque motor for a specific winding 
operation must be based on the particular duty cycle. 
However, most winding operations are likely to fall 
within a certain duty range. 

At the one extreme are those uses which require 
that the motor operate from about 2/3 synchronous 
speed to almost stalled condition for short periods. - 
Motors rated at about 50 per cent stall duty match 
this kind of service. 

At the other extreme, very severe duty occurs, for 
example, when the motor is stalled while holding 
the material in tension during a part of the wind- 
ing operation. Such service may require a continu- 
ous stalled duty motor. 


Rapid Traversing: When components must be 
moved quickly back and forth along a track or 
guide, or between any two positions in the total 
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distance, a torque motor can be used to save time in 
the machine cycle. 

Fig. 3 shows a motor fastened to the carriage of 
a lathe for rapidly traversing the carriage from one 
end of the lathe to the other. In such cases a brake 
can be fitted to one end of the motor so that the 
carriage can be stopped and accurately positioned, 
also. 

Service of this type generally requires motors in 
only the 10 to 25 per cent duty class. Consequently, 
high torques are available in relatively small frames 
for these applications. 


Indexing: For positioning and indexing, the torque 
motor need not operate as long or as fast as in rapid 
traversing. When indexing a part for machining 
or assembly, the motor may make only a few revolu- 
tions and often never reaches a constant speed be- 
fore it is required to stop. 

The rise-and-fall miller, Fig. 4, uses a torque 
motor for automatic indexing of the fixture. On 
this machine the motor drives the fixture past a 
limit switch, then is reversed to drive the fixture 
home against a positive stop. The fixture is then 
clamped and the motor is disconnected from the line. 


Tips and Techniques 


Clamping: Torque motors for clamping or locking 
action may turn only a fraction of a revolution. 
The motor torque mechanically locks the parts to- 
gether or in position. For example, on machine tools 
torque motors are often used to lock moving car- 
riages or rails to the machine frame through switch 
and lever arrangements. 

Since in such clamping applications the motor is 
energized for only a very short time, the duty cycle 
can be considered as instantaneous. Hence, for some 
cases, a 5 per cent duty rating may be sufficient. 


Holding: Serving as a magnetic spring, a torque 
motor can be used for holding or supporting a de- 
vice, or merely counteracting the weight of an object. 
In one application, for example, apparatus is stopped 
in its vertical travel and held while a second torque 
motor positions the equipment on a horizontal plane. 

Certain holding applications may require that 
the torque motor be energized continuously under 
stalled conditions. However, for economy, the torque 
motor should be energized only during the opera- 
tion of the system and a brake used to hold the 
weight at the completion of the operation. Reduc- 
tion in required motor size generally offsets the cost 
of a brake. 





Bolt Clearance 


In design of pressure vessels or other structures 
which use circular bolt arrangements, a critical ques- 
tion is how many bolts will fit on a specified bolt 
circle, and also what the clearance between bolt 
heads will be. To find the maximum number of bolt 
heads that will fit on a certain bolt circle, use 


. 180 
x-0Ssin—S 
Osin d 


4] 








sin=!(d/D) 
where N = maximum number of bolts; d = bolt 
head diameter; and D = bolt circle diameter. Sin~? 
(d/D) is expressed in radians. 
To find the clearance between bolt heads on a 
bolt circle, use 


(1) 


180 
X = Dsin— — d (2) 
n 


clearance between heads; n = number 


bolt head diameter; and D 


where X : 
of bolts required; d 
bolt circle diameter. 
ExampLe: Eighteen socket-head bolts with head 
diameters of 9/16 in. are required on a 35%-in. di- 
ameter bolt circle. Determine if this arrangement is 
possible, and if so, what the clearance between heads 
will be if the bolts are evenly spaced. 
From Equation |, 
T 
0.5625 
sin” 
3.625 
Thus, 18 bolts will fit on the circle. Clearance be- 
tween the 18 bolt heads from Equation 2 is 


= 202 


i 
X = 3,625 sin —— — 0.5625 = 0.066 in. 


—Joun R. Situ, Westinghouse Electric Corp., Pitts- 
burgh 30, Pa. 
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Four-Bar Linkages 


POINT—POSITION REDUCTION 


. . . a design method for satisfying input-output 


position specifications 


By C. WESLEY ALLEN 
Engineer 

General Electric Co. 
Richland, Wash. 


OUR-BAR linkages which require correlations 
between input and output crank positions can 
be designed in many ways. The point-position 

reduction* method presented here permits the con- 
struction of a linkage that satisfies design require- 
ments exactly, at a limited number of positions. It 
should be noted that although this method gives 
exact positions required, it does not limit the maxi- 
mum error away from the design positions. Although 
this discussion is limited to four-link mechanisms, 
a greater number of exact positions can be obtained 
by using more links. 


Three Positions: This simple case does not involve 
the principle of point-position reduction, but is in- 
cluded to illustrate the construction principle used 
in all point-position reduction problems. 

Desicn Procepure: It is desired that input crank 
A,A, Fig. 1, should move clockwise through three 
given positions while an output crank B,B, moves 
counterclockwise through three related positions. In 
this analysis, input crank and A,B, lengths are 
selected, angles ¢12, $23, Yi2, Y23, and location of 
the initial position of the input crank with respect 
to the fixed axis are given, and output crank and 
coupler lengths are to be found. 


1. Lay out lines AoBo, AoA1, AoA2, and AoAs in their 
proper relative positions. 

. Using the inversion of the linkage in which the out- 
put crank is fixed in the first position, rotate line AoBo 
and each of the AoA lines so that they assume their 
correct relative position for each of the positions. 
Point A1’ falls at point Ai. To obtain Ae’, pivot line 
AoBo about Bo by ¥12 in the direction opposite to the 
desired rotation of the output crank. During the pre- 
ceding operation the position of AoA2 relative to AoBo 
is held constant. A similar procedure locates As3’. 

3. B1 is now the center of a circle passing through Ai’, 
A2’, and As’. To find Bi, draw the perpendicular bi- 


*K. Hain — Angewandte 
Shrodel, 1952. 


Getrichelehre, Hannover - Darmstadt, 
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sector of lines A1’ Az’ and Az’ As’. Intersection of the 
two perpendicular bisectors is point Bi. Line Ai Bi 
is the length of the coupler, and line BoB: is the 
length of the output crank. Drawing in lines A1Bi and 
B.Bi completes the mechanism in the first position. 
The other positions are obtained by laying out BoB 
in its other two positions with respect to B.Bi and 
drawing in lines A2Bz and As3Bs3. 


Four Positions: Analysis of the preceding pro- 
cedure shows that this construction works whenever 
there are three A’ points. It is the principle of 
point-position reduction that reduces the number 
of A’ points to three. Since there are four design 
positions, there are six angles. Also, the length 
of A,A is chosen, but the choice of this length has 
no effect on the final design except to determine 
the over-all size. To assure the existence of only 





Fig. 1—Three-position design of four-bar linkage 
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DATA SHEET 





three A’ points, one of the three angles, ¢i2, ¢2s, 
or $34, must be bisected by A,B,. In Fig. 2, angle 
$34 has been positioned in this manner. Length of 
A,B, must be such that angle A3B,A, is equal to 
vgs. This can be accomplished graphically, or A,B, 
can be computed from 
sin(¢34/2) ] 
tan(¥34/2) 
Once point B, is determined, the solution is the 
same as that for the three-position problem. By the 


special choices that have been specified, points A;’ 
and A,’ will be coincident. Therefore, only three dis- 


(Ao Bo) = (Ao A) [ cos(¢34/2) + (1) 


tinct A’ points exist. Thus reduction of four A’ 
points to three permits a circle to be drawn through 
all A’ points. If an angle other than ¢34 is bisected 
by A,B,, two other corresponding A’ points will 
coincide, and the angles involved in Equation | 
will be changed. 

Example |: Generate the function y = x? from 
x = 0 to x= 2.0, with an input range of 60 deg 
and an output range of 80 deg. 

The points are proportionately spaced in the in- 
put range with corresponding values of the output 
as follows: 





Position x y Input Angles Output Angles 








Fig. 2—Four-position design 


] 0.0 0.0 

gi2 — 24 deg = 12.8 deg 
Z ; 0.64 

g23 = 18 deg = 26.4 deg 
3 ; 1.96 

34 — 18 deg = 40.8 deg 
4 k 4.00 











To set the drawing size, let A,A = 2.5 in. Let 
the line A,B, divide the angle ¢34. The value of 
A,B, from Equation | is 


sin(18/2) 
tan(40.8/2) 
The construction for this example is shown in Fig. 2, 


and lengths of the links are: A,A = 2.50 in., AB = 
3.42 in., BB, = 3.42 in., and A,B, = 3.52 in. 


] = 3.52 in. 


(Ao Bo) = 2.5 [ cos(18/2) 7 


Five Positions: If five positions are to be satisfied, 
two pairs of A’ points must coincide, and there are 
many design-position arrangements that are satis- 
factory. The arrangement of four design positions 
for the input crank must be such that two of the ¢ 
angles are bisected by A,B,. 

Fig. 3 shows three possible arrangements for these 
design positions: (a) A; and A; and Ay and Ay, 
coincide; (b) the pairs are A,A;, and A3A4; and 
(c) A2A; and A;A,y. Angles formed by the cor- 
responding symmetrical A,A lines vary according to 








Fig. 3—Input posi- 
tions for five-point 
reduction 
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FOUR-BAR LINKAGES 





the location of the design positions. Let the ratio 
of the larger to the smaller of these angles be R. 
Then in Fig. 3a, R = $15/24; in Fig. 3b, R = 
15/34; and in Fig. 3c, R = 25/34. 

There exist ratios of a similar nature for the 
output angles. For Fig. 3a, K = wWos/dis = (Ys — 
y2)/(Ys — yi), and for Fig. 3b, K = ws4/¥is = 
(ys — ys)/(ys — y:). In the solution of problems, 
the value for R is chosen and K is computed for the 
desired value of the output function. 


Next, ratio (A,B,)/(A,A) is determined such 
that K satisfies the ratio of the two output angles. 
This latter step often takes more time than the 
remaining parts of the design. To simplify the de- 
sign, Tables 1 and 2 give values of K for ranges of 
(A,B,)/(A,A) for values of R = 2 and R = 3.A 
negative value of (A,B,)/(A,A) implies that B, lies 
to the left of A, instead of to the right. 

DesicN ProcepurE: The following step-by-step 
procedure reduces five-position problems to more 
workable form. 


1. Choose the design positions such that R = 2 or R = 3. 

2. Compute the value of output variable y at each de- 
sign position. 

3. Compute the value of K. 

. Choose a value for symmetrical range of the input 
crank. 

5. From the tables find the value of (AoBo)/(AcA) that 
most closely approximates the computed value of K. 
Using interpolation will give extra accuracy for the 
value of (AoBo)/(AoA). 

. Complete the linkage design using the method de- 
scribed in the three-position problem. 


ExamPLe 2: An arbitrary function shown in Fig. 
4a is given, and total input range to be used is 100 
deg. Let ¢15 and 24 be bisected by A,B,. If the 
design positions are to be equally spaced throughout 


the input range, R = 2. The value of K is 


k= 4 = 987! ong 
ys —~ yi es 

Using Table 1 for R = 2, under the 100-deg 
input range column, (A,B,)/(A,A) = 2.1 for K = 
0.7031, and (A,B,)/(A,A) = 2.0 for K = 0.7176. 
Interpolating for K = 0.7143, (A,B,)/(A,A) = 
2.0225. For practical design, let (A,B,)/(A,A) = 
2.02. To determine the drawing scale A,A is chosen 
as 2 in. Therefore, A,B, is 4.04 in. Once A,B, and 
the five positions of A,A are drawn, output range 
A,B,As is measured. This angle is 58 deg and the 
input, output, and corresponding angles are 








Position Input Output Input Angies 


] 0 0 


Output Angles 





diz = 25 deg yi2 = 8.3 deg 
2 ] l 

¢23 — 25 deg ves = 8.3 deg 
3 2 2 

34 — 25 deg ¥s4 = 33.2 deg 
4 3 6 

¢45 = 25 deg vas — 8.3 deg 
5 4 7 





Completing the design, Fig. 4b, yields A,A = 2 in., 
AB = 0.81 in., BB, = 2.84 in., and A,B, = 4.04 in. 

Examining the linkage at the midposition of the 
input link reveals that the links take a position 
such that A,, A, B, and B, are almost in a straight 
line. This condition limits the transmitted force. 
Thus, even though the design satisfied the problem, 
practical considerations eliminate this design and 
the linkage should be redesigned for R = 3. 

In the design of some linkages the five-position de- 
sign cannot be utilized, but the four-position design 
can be applied to all problems of the type discussed. 





Fig. 4—Five-position design: a, func- 
tion to be matched at each position, 
and b, graphical determination 
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New adjustable time delay relay 
provides wide selection of time ranges 


The new Cramer Type 471 Time 
Delay Relay provides an accurate, 
adjustable time delay between the oper- 
ation of a control circuit and the sub- 
sequent closing or opening of one or 
two load circuits. Through selection of 
external wiring connec.ons, the unit 
offers broad application flexibility and 
excellent accuracy at modest cost. 
Some typical uses include control of 
machine tools, batch processes, heat 
treating, automatic mixers, electronic 
devices, and signalling equipment of 
many kinds. 


Operation 

Type 471 is powered by a Cramer 
synchronous motor which drives pre- 
cision-cut timing cams through a 
clutch, from a starting point set by a 
dial knob. The cams rotate at constant 
speed to a zero point, where the load 
switch is transferred. An instant later, 
a second cam opens the motor circuit. 
The clutch stays engaged, and the unit 
does not reset until the operator either 
opens the clutch circuit for the direct- 
clutch model, or closes the clutch ‘cir- 
cuit for the reverse-clutch model. 


The direct-clutch unit resets auto- 
matically on power interruption, and 
repeats its complete cycle when power 
is restored. The reverse-clutch unit sim- 
ply suspends operation and, when 
power returns, proceeds to complete 
the same time interval. Resetting is 
accomplished by a coil spring which 
drives the cam carriage back to a mov- 
able stop which is positioned by the dial 
knob. The stop location determines 
how quickly the cams will reach the 
switch actuation points. and so deter- 
mines the timed interval. 


FOR EXTREME ACCURACY PLUS WIDE SELECTION OF RANGES 


Type 412 performs essentially the 
same functions as Type 471, except 
that it is designed for panel mounting, 
extreme accuracy, heavier loads, and 
100% adjustability over the entire 
time range of each unit. Eleven full- 
scale time ranges are available, from 6 
seconds to 24 hours. Overall accuracy 
is within plus or minus 2 of 1% of full 
scale, exclusive of setting errors. Repeat 
accuracy is within plus or minus 1% of 
1% of full scale on 30 second and 
longer ranges, and 2 of 1% of full 
scale on faster timers. The fully en- 


TYPE 471 


Features 

TIME RANGES — 15 seconds to 24 hours. 
ADJUSTMENT RANGE — 90% of full scale. 
ACCURACY — within 2% of full scale. 
RESET TIME — approx. 13 second or less. 


LOAD SWITCHES — snap-acting SPDT, 10A 
125V or 5A 250V AC, non-inductive. 


MOTOR & CLUTCH — 115/220V, 25, 50 
and 60 cycles. Reverse clutch optional. 


GEARS — case-hardened steel, for life 
in excess of a million operations. 


For details, write for your free copy of 
Bulletin PB-471. 


closed dial carries a red pointer to indi- 
cate the setting, a black pointer to 
indicate timing progress. The open 
blade SPDT load switch is rated ISA 
125V, 10A 250V AC, and can handle 
inrush currents up to 40 amperes. A 
second load, operating within 1% of 
full-scale time following the first load, 
can be controlled from the motor 
switch itself. Internal SPST seal-in 
contacts permit operation from a | 10- 
sec. control pulse if desired. Direct or 
reverse clutch operation is as described 
for Type 471. 





TIME RANGES AND MINIMUM SETTINGS 


TIME 
RANGE 


AL 


DI 
DIVISIONS 


MINIMUM 
SETTING 








15 sec. 
30 sec. 
60 sec. 


5 min. 
15 min. 
30 min. 
60 min. 

2 hrs. 

5 hes. 
12 hrs. 
24 hrs. 


Va sec. 
1 sec. 
2 sec. 
10 sec. 
30 sec. 


1 min. 
2 min. 
5 min. 
15 min. 
30 min. 


1 he. 


1.5 sec. 
3 sec. 
6 sec. 

30 sec. 

1.5 min. 
3 min. 
6 min. 

12 min. 

36 min. 

1% hrs. 

2" hrs 








CRAMER CONTROLS 


CORPORATION 


Box 6, Centerbrook, Connecticut 


Circle 482 on Page 19 
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Elements of Reversible 

Induction Motor Drives 

W. Leonhard, Westinghouse Electric 

Corp. 
A discussion and comparison of 
several alternative reactor circuits 
for reversible motor control on the 
basis of their “open loop” prop- 
erties. Principles of the control 
operations are explained. Numer- 
ical data derived are suitable for 
comparison of the different cir- 
cuits. Test results indicate that 
this theory, despite its simplicity, 
offers an adequate description of 
major phenomena. A four-reactor 
control circuit is most desirable for 
a medium-power application be- 
cause it combines acceptable elec- 
trical symmetry with good opera- 
tional characteristics. Also, it of- 
fers a cost compromise between 
simpler control schemes with high 
electrical asymmetry and the fully 
symmetrical, but more expensive, 
five or six-reactor control circuits. 
Development is directed toward the 
more extensive use of motors with 
simple eddy current rotors. 


AIEE paper 58-1176, prepared for the 
AIEE Fall General Meeting, Pittsburgh, 
October, 1958; 14 pp. 


Stability of 

Automatic Control Systems 

E. A. Freeman, The English Electric 

Co. Ltd. 
Effects of speed-dependent friction 
and backlash on control-system sta- 
bility. The limit to the accuracy with 
which a motor and load can be con- 
nected is inherent in the design of 
remote-position control systems. As 
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restrictions on the accuracy of con- 
trol become more critical, the effect 
of backlash on system performance 
assumes greater importance. For 
this reason, its effect on system 
stability is investigated using a 
describing-function technique. A 
method of deriving the describing 
function is given. A correct choice 
of system parameters obviates any 
oscillation of the system. 

AIEE paper 58-1268, prepared for the 


AIEE Fall General Meeting, Pittsburgh, 
October, 1958; 26 pp. 


meterials 


Practical Uses of 
Porcelain Enamels to 1400 F 
H. R. Spiers, Penco Corp. 


A discussion of the practicality of 
certain porcelain enamels for ap- 
plications in the 1400 F temperature 
range. These materials permit a 
wide use of cold-rolled steel as 
the base metal and, in many cases, 
a reduction in the gage of the 
steel. Also, they permit firing the 
ground coat and cover coat in the 
same time-temperature cycle. 


PEI paper, Twentieth Annual Shop 
Practice Forum of the Porcelain Enamel 
Institute, Urbana, Ill., November, 1958; 
6 pp. 


Ceramic Adhesives 
Henry G. Lefort 


A discussion of ceramic adhesives 
which are similar in composition 
to porcelain. enamels and suitable 
for bonding stainless steel. Data on 
physical properties and the compo- 
sitions of these adhesives are in- 
cluded. Properties are evaluated by 
means of tensile shear specimens 


and bonded honeycomb panels. 
Shear tests show excellent cohesive 
and adhesive properties of ceramic 
bonds at high temperatures, and 
thermal expansion compatibility of 
the metal and bond. Recommenda- 
tions for the selection and applica- 
tion of ceramic adhesives and ele- 
ments of joint design are covered. 
Adhesives are suitable for applica- 
tion to 1000 F at pressures to 2000 
psi. 

PEI paper, Twentieth Annual Shop 
Practice Forum of the Porcelain Enamel 
aan Urbana, Ill., November, 1958; 
5 pp. 


Electrical Properties 
Of Porcelain Enamels 
C. G. Bergeron, University of Illinois 


Data on room temperature and 
high-temperature electrical proper- 
ties of various porcelain-enamel 
coatings. These properties are com- 
pared with those of currently 
used insulation materials. Porcelain 
enamel insulators offer definite ad- 
vantages over certain types of 
organic insulators in high-tempera- 
ture applications. Although dielec- 
tric properties of the enamels 
change markedly with increasing 
temperature, other properties remain 
unaffected. Electrical properties can 
be improved by varying the com- 
positions. 

PEI paper, Twentieth Annual Shop 


Practice Forum of the Porcelain Enamel 
Institute, Urbana, Ill., November, 1958; 


13 pp. 


The Development of Cermets 


G. C. Deutsch, A. J]. Meyer Jr., and 
G. M. Ault 


The definition and nature of cer- 
mets. Physical and mechanical 
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properties of cermets are included 
with special reference to the normal- 
ly poor impact strength and ductility 
of these materials. Possible ways 
are considered in which these two 
properties might be improved. Ap- 
proach to property improvement is 
through the altering of the composi- 
tion of the metal and ceramic 
phases and through changing other 
variables in the microstructure. In- 
dustrial applications of cermets in- 
clude containers for liquid metals, 
certain special bearings, thermo- 
couple protection tubes, and cold 
heading and extrusion dies. A re- 
port on the feasibility of cermets 
for turbine blading is included. 


NATO report 185, Seventh Meeting 
of the Structures and Materials Panel, 
1958; 20 pp. 


mectieamicel 


Relief of Thermal Stresses 

Through Creep 

H. Poritsky and F. A. Fend, General 

Electric Co. 
Development of equations for an- 
alyzing effects of thermal creep on 
stress distribution. A numerical 
procedure permits stress and strain 
components to be computed success- 
fully at the end of various time in- 
tervals. It is assumed that the ini- 
tial creep rate remains constant dur- 
ing each time interval. Resulting 
equations are applied to the axially 
symmetric problem of relief of ther- 
mal stresses in an infinitely long 
cylinder which is quickly heated to 
a radial temperature distribution 
and maintained at that temperature. 
Methods developed illustrate a pro- 
cedure which can be followed for 
other stress-creep problems. 


ASME paper 58-A-41, ASME Annual 
Meeting, New York, December, 1958; 9 pp. 


Reappraising Spring Forms 
As Aids to Design 


Advantages of the flat spring for 
many design applications. Most 
wire springs are single purpose but, 
with flat springs, it is often possible 
to achieve two or more functions. 
Various applications showing the 
multiple functions of flat springs 
are analyzed. How belleville wash- 
ers are used in applications to ab- 
sorb manufacturing tolerance build- 
ups in component parts are covered. 
Varying the ratios of height to 
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thickness of the washers makes it 
possible to obtain a load-deflection 
curve which is a straight line, a 
flat-topped curve with a section 
having a range of deflection with 
little or no change in load, or char- 
acteristic load which _ increases, 
reaches a peak, and rapidly declines. 


The Main Spring, Spring No. 17, Coil 
No. 9, November, 1958; 7 pp. 


The Better Way 
To Make a Cam 


A series of case histories showing 
how intricate cam designs are made 
simply and economically by powder 
metallurgy. Problems of machin- 
ing cam profiles and how these 
problems may be eliminated are 
covered. Mechanical properties of 
high-density iron powder parts are 
included. 


Powder 
1958; 6 pp. 


Metallurgy Quarterly, Fall, 


The Compression of 

Bonded Rubber Blocks 

A. N. Gent and P. B. Lindley, British 

Rubber Producers Research Assoc. 
A report on the experimental mea- 
surement of the load-deflection re- 
lation for rubber blocks for various 
thicknesses and a variety of cross 
sections. Elastic behavior is an- 
alyzed and applied to various rub- 
ber components in structures and 
machines. An approximate theoret- 
ical treatment is presented for small 
compressions of circular discs and 
infinitely long, rectangular bars. 
Measured stiffness for small com- 
pressions is shown to be in good 
agreement with theoretical predic- 
tions for a rubber containing no 
carbon black. 


Prepared for the Institution of Mechani- 
cal Engineers (Great Britain); 9 pp. 


techniques 


Logic Design Techniques of 
Static Switching Control 


]. W. Stuart and R. A. Manning, 
Westinghouse Electric Corp. 


Design procedures and techniques 
used in the development of a static 
switching control system for trans- 
fer machines. Logic functions in- 
herently offer a direct approach to 
control design. Complexity of de- 
sign is minimized by breaking the 
control down into modular cir- 
cuits on a functional basis. A step- 
by-step procedure is outlined, and 


a brief review of static switching 
symbols and logic characteristics is 
included. 

ae CP58-1284, prepared for 


the AIEE Fall General Meeting, Pitts- 
burgh, October, 1958; 9 pp. 


Parameter Methods 
For Extrapolating Data 
R. M. Goldhoff, General Electric Co. 


A discussion of the controversial 
and contradictory parameter tech- 
niques for correlation of high-tem- 
perature stress-rupture data. Pa- 
rameters are treated with a view 
toward their application in extrap- 
olating short-time data to pre- 
dict working stresses in serviceable 
heat-resistant alloys. Three meth- 
ods are compared on a statistical 
basis for their ability to reproduce 
isothermal data on which they are 
based and, in particular, the long- 
est time data currently available 
and usable for this purpose. Pre- 
diction of long-time working stresses 
using parameter techniques will 
generally give better results than 
can be obtained from long extrap- 
olations on double logarithmic 
flats. For reliable extrapolations 
all methods require data from tests 
to 1000 hr and covering adequate 
ranges of stress and temperature. 


ASME paper 58-A-121, ASME Annual 
Meeting, New York, December, 1958; 
| 


5 pp. 


TO OBTAIN COPIES of papers or arti- 
cles abstracted here, write directly to the 
following organizations: 





AIEE—American Institute of Electrical En- 
gineers, 33 West 39th St., New York 18, 
N. Y.; papers 40 cents to members, 80 
cents to nonmembers. 


PEI—Porcelain Enamel Institute Inc., As- 
sociations Bldg., Rm. 315, 1145 19th St., 
N. W., Washington 6, D. C. 


NATO—National Aeronautics and Space 
Agency, 1512 H St., N. W., Washington 
2, 2: G. 


, 


ASME—American Society of Mechanical 
Engineers, 29 West 39th St., New York 
18, N. Y.; papers 40 cents to members, 
80 cents to nonmembers. 


Powder Metallurgy Quarterly—Metal Pow- 
der Industries Federation, 130 West 42nd 
St., New York 36, N. Y. 


The Mainspring—Associated Spring Corp., 
Bristol, Conn. 


The Institution of Mechanical Engineers, 
1 Birdcage Walk, Westminster, London, 
S.W. 1. 





MaAcuHINE DesIGN 





The potash crystallizers under construction above are two of 
seven that were shop- and field-fabricated, then field-assembled 





by welding. Although these units were not stress-relieved or heat- 
treated, there was no sign of stress-corrosion cracking after a year. 


No stress-relieving here 
—no stress-corrosion cracking! 


Field-assembled from NEW AMPCO METAL GRADE 8 


Improved Ampco Metal Grade 8 puts an entirely 
new slant on fabricating copper-base alloy equip- 
ment to handle steam and corrosive media at 
elevated temperatures. 

At a major oil refinery, for example, field-welded 
piping of Ampco Metal Grade 8 has handled hot 
sulphuric-acid sludge for a year and a half without 
stress-corrosion cracking. 

New, patented Ampco Metal Grade 8 also sim- 
plifies field repairs and alterations. You can weld 
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readily with any electric process, without pre-heat 
or post-heat and without hot-short cracking. 

Talk this over with your Ampco field engineer. 
Or write Ampco Metal, Inc., Dept.31- Milwaukee 
46, Wis. West Coast plant: Burbank, Calif. — 
Southwest plant: Garland (Dallas County), Texas. 


Ts-6 


~~ AMPCO 
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Design Executives 


For copies of any literature listed, circle Item Number on Yellow Card—page 19 


Limit Switches 


Details of three types of Micro Switch 
heavy-duty limit switches for industrial 
uses are provided in Catalog 84. It lists 
units with a variety of contact arrange- 
ments, for either direct or alternating- 
current, and shows several actuator de- 
signs. 16 pages. Minneapolis-Honeywell 
Regulator Co., Micro Switch Div., Free- 
port, Ill. K 

Circle 601 on Page 19 


Insulations 


Management; financial strength; and re- 
search, development, engineering, and pro- 
duction capabilities of company are re- 
viewed in special report. Ultra high and 
low temperature insulations, thermal and 
acoustical glass fiber, reinforced plastics, 
and structural core materials are shown 
and described. 36 pages. H. I. Thomp- 
son Fiber Glass Co., 1733 Cordova St., 
Los Angeles 7, Calif. L 

Circle 602 on Page 19 


Motor-Pumps 
Twenty sizes of K line Motorpumps are 
outlined in Bulletin 70022. Units are of- 
fered in 1% through 25-hp sizes for heads 
to 190 ft and capacities to 775 gpm. 
Features of Motorpump impellers, seals, 
casings, and drive motors are highlighted. 
8 pages. Ingersoll-Rand Co., 11 Broad- 
way, New York 4, N. Y. SS 
Circle 603 on Page 19 


Pressure Gages 
Line of Helicoid precision pressure 
gages graphically described in Catalog 
DH-65 is suitable for various industrial 
processing and chemical applications sub- 
jected to violent pressure pulsations or 
severe mechanical vibrations. Booklet cov- 
ers types of systems, applications, specs, 
and accessories. 36 pages. American 
Chain & Cable Co., Helicoid Gage Div., 
929 Connecticut Ave., Bridgeport 2, 
Conn. B 
Circle 604 on Page 19 


Hydraulic Piston Pumps 
Two specification sheets respectively 
describe the PF-3021 and the PF-6015 
hydrauiic piston pumps. Representative 
performance curves are shown. Models are 
respectively rated at 3000 and 6000 psi 
and deliver 43.0 and 50.7 peak inter- 
mittent hp. 2 pages each. Dynex Inc., 
777 Dynex Dr., Pewaukee, Wis. K 
Circle 605 on Page 19 


Variable Speed Pulleys 


Comprehensive information relative to 
the 400 series variable speed pulleys is 
provided in Catalog 70. Variable-speed 


150 


pulley is offered in ratings to 15 hp and 
speed ranges up to 4:1. Combination 
pulleys in ratings to 25 hp and speed 
ranges to 10:1 are also reviewed. 26 
pages. 
Ind. 


Lewellen Mfg. Co., Columbus, 
J 


Circle 606 on Page 19 


Quick-Release Fasteners 


Design improvements made in Pip Pins, 
self-locking quick-release fasteners, are 
pointed up in Bulletin ADI 6500 along 
with tabulated dimensions. Easier-to-op- 
erate T and L handles, and release but- 
tons of these fasteners speed removal or 
assembly of portable equipment. 2 pages. 
Aviation Developments Inc., 210 S. Vic- 
tory Blvd., Burbank, Calif. i, 

Circle 607 on Page 19 


Rubber-Metal Products 
Bearings, bushings, couplings, mounts, 
sleeves, and molded shapes are among 
the rubber-metal products reviewed in il- 
lustrated catalog. Characteristics of me- 
chanically and chemically bonded com- 
ponents are described. Design informa- 
tion, including formulas for determining 
radial, torsional, axial, and conical load- 
ings, is included. 12 pages. Clevite Harris 
Products, Inc., Dept. A, Lockwood Rd., 
Milan, Ohio. G 
Circle 608 on Page 19 


Turret Drill 


How to perform several different ma- 
chining operations on the bench model 
Burgmaster turret drill is related in folder 
CDG 8799. Machine will instantly index 
from one drill size to another, or from 
one type of operation to another. Typical 
uses are shown. 4 pages. Burgmaster 
Corp., 13226 S. Figueroa St., Gardena, 
Calif. L 

Circle 609 on Page 19 


Oils, Greases & Solvents 


Information in products folder covers 
general and special lubricants, greases, 
diesel lube oils, metalworking oils, hy- 
draulic and heat-transfer oils, rubber 
process aids, waxes, petrochemicals, sol- 
vents, refrigeration oils, and electrical oils. 
12 pages. Sun Oil Co., Industrial Products 
Dept., 1608 Walnut St., Philadelphia 3, 
Pa. E 

Circle 610 on Page 19 


Malleable Castings 


“Modern Pearlitic Malleable Castings 
Handbook” is a ready reference to latest 
data on this material. Chapters cover the 
introduction to the material, castings, 
fact and figures for design, and applica- 
tions. Ten tables, 19 charts, and 14 illus- 


trations are included. 76 pages. Malleable 
Research and Development Foundation, 
Granville 1, Ohio. 

Circle 611 on Page 19 


Temperature Sensing Units 


Advantages of diaphragm temperature 
sensing devices for controlling tempera- 
tures up to 650° F are outlined in bulle- 
tin. They are used in many appliance 
controls. 2 pages. Robertshaw-Fulton Con- 
trols Co., Bridgeport Thermostat Div., 
Milford, Conn. B 

Circle 612 on Page 19 


Electronic Components 


Electronic components and Croname 
products catalogued in Form 5C5 are in- 
tended for original equipment and re- 
placement. Supplementary Bulletin 5K7 
describes Waldom solderless terminals. 
20 pages. Waldom Electronics Inc., 4625 
W. 53rd St., Chicago 32, IIl. I 

Circle 613 on Page 19 


Ferromagnetic Materials 


Data on new types of Ferrotron ferro- 
magnetic materials which operate in up 
to 350° C are provided in Bulletin BR-10. 
Physical and electromagnetic property 
values are covered. 4 pages. Polymer Corp. 
of Pennsylvania, Reading, Pa. Cc 

Circle 614 on Page 19 


Metal-Clad Switchgears 


Line of 4160-v metal-clad switchgear 
featured in Bulletin 2804-1A includes in- 
door, and standard and walk-in outdoor 
type equipment with ratings through 
3000 amp continuous current and 350 
mva interrupting capacities. 22 pages. 
I-T-E Circuit Breaker Co., 1900 Hamilton 
St., Philadelphia 30, Pa. Cc 

Circle 615 on Page 19 


Rotary Vibrator Motors 


Enclosed vibrator motors for light and 
heavy duty operation of vibrating chairs, 
beds, tables, and pillows are subject of 
Bulletin GED-3756. Various mounting 
arrangements are shown and performance 
data given. 4 pages. General Electric Co., 
Schenectady 5, N. Y. Cc 

Circle 616 on Page 19 


Three-Way Valves 


Two available bulletins, 91011 and 
91009, respectively, deal with electrically 
operated three-way valves for air, oil, 
water, or vacuum service and the E.V.C. 
series valve and cylinder combination 
rated 0-200 psi. 12 and 6 pages, respec- 
tively. Airmatic Valve, Inc., 7313 Asso- 
ciate Ave., Cleveland 9, Ohio. G 

Circle 617 on Page 19 
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Applied with standard TRS riveting machines 


TRS PERMA-NUTS SAVE TWICE! 





Typical 

of scores 

of problems 
solved best 

with Perma-Nuts 





NUT & RIVET & SPACER 


| NUT PLATE 
| IN TIGHT SPOTS & SPACER 


FLUSH MOUNTED NUT PLATE 


NUT & BUSHING 


NUT & RIVET 











FREE CATALOG TELLS= 


1 — How and where to use them to simplify design and assembly problems 


2 — How they are automatically fed and set by standard TRS riveting machines to cut production time & cost 


Get acquainted with this 
It will pay to keep versatile PERMA-NUTS in mind when you are dual cost-cutting device. 


specifying attachments and fastenings. Often you can use them to simplify SEND COUPON for 
7 , new Perma-Nut Catalog. 
design and reduce costs of an assembly . . . make it better, too. 


They provide three to four strong threads to accept a 

machine screw, and allow direct design conversion from iim ULAR RIVET & STUD co. 
hexagonal nuts. Serrations under the head lock the Perma- » TUB UINCY 70, MASSACHUSETTS 

Nut securely against turning . .. no need for a washer or key. . 


eae ; , Perma-Nut Catalog 
Remember, too, that this unique one-piece rivet and nut Send 


assures an extra economy .. . a production economy. No 
need for special equipment . . . no slow manual setting 
when you use Perma-Nuts. They can be automatically fed 
and set by standard TRS riveting machines. 


Naame Si Tithe.nneenrnnrenrerr 


o 
° 
3 
3 
3 
- 
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There's NO time waste 
There's NO machining 
There's NO srinding 
There's NO counting 
There's NO stacking 
There's NO miking 








and there’s NO dirt between laye 





rs—ever, for those who say 








Laminated Shims of 
LAMINUM 





now OE Send for free copy “Engineering Data File” 
4 a 





+ aLuminum oe 
STAINLESS STEEL er laminations BRASS 
r 


with laminations " with laminations 


of .002” or .003” NEW) 002” of .002” or .003” 








MILD STEEL 


with laminations 
of .002” or .003” 





LAMINATED SHIM COMPANY, INC. 


EAST COAST Home Office and Plant 


WEST COAST Sales Office 


1201 Union St., Glenbrook, Conn. | 600 Sixteenth St., Oakland 12, Calif. 
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HELPFUL LITERATURE 





Molybdenum in Steel Castings 


“The Role of Molybdenum in Steel 
Castings for Industrial Equipment” is ti- 
tle of booklet prepared by Prof. J. Wal- 
lace of Case Institute of Technology. It 
covers hardenability, tensile properties, fa- 
tigue, hardness, wear and impact resist- 
ance, machinability, and weldability. 36 
pages. Climax Molybdenum Co., 
Fifth Ave., New York 36, N. Y. D 

Circle 618 on Page 19 


Recycling Timers 
Synchronous motor driven recycling 
timers described in Bulletin 500 are tan- 
dem units with two adjustable and con- 
tinuous time cycles. Maximum time cy- 
cles range from 6 sec to 3 hr. Also de- 
scribed Series PC timer is offered in 15 
sec to 4 hr time cycles. 4 pages. Indus- 
trial Timer Corp., 1407 McCarter High- 
way, Newark 4, N. J. D 
Circle 619 on Page 19 


Tracing Templates 


A package of over 14 design tracing 
templates for designers, engineers, and 
those developing specific mechanical sys- 
tems is offered free upoa written request. 
They can be used for breadboard layouts, 
prototypes, design production, technical 
sketching, and detail parts drawings. PIC 
Design Corp., 477 Atlantic Ave., East 
Rockaway, Long Island, N. Y. D 

Circle 620 on Page 19 


Precision Resistors 
Wall chart, designated the MIL-Bell 
Decade Table, tabulates standard resist- 
ance values of precision film resistors. It 
complies with Military Standard 90169 
and aids in specification of company’s re- 
sistors. Texas Instruments, Inc., Box 312, 
Dallas, Texas. P 
Circle 621 on Page 19 


Vinyl Epoxy Plasticizers 


A new series of improved epoxy plasti- 
cizers with built-in stabilizing properties 
are subject of Bulletin 101. Complete de- 
tails on this material and its use are given 
in technical reprint. Food Machinery & 
Chemical Corp., Becco Chemical Div., 
Buffalo 7, N. Y. N 

Circle 622 on Page 19 


Air Motors 
Over 100 models of I-R air motors with 
outputs ranging from 0.3 to 24 hp and 
speeds of 50 to 2580 rpm at rated horse- 
power are detailed in Bulletin 5072A. Both 
Multi-Vane and Piston motors are listed, 
together with complete specifications. 16 
pages. Ingersoll-Rand Co., 11 Broadway, 
New York 4, N. Y. Cc 
Circle 623 on Page 19 


Rolled Alloys 


File Folder No. 107 contains technical 
information on RA330 heat resisting alloy. 
This material combines strength and re- 
sistance to carburization, oxidation, and 
thermal shock. Fabrication procedures are 
discussed. 4 pages. Rolled Alloys, Inc., 
5309 Concord, Detroit 11, Mich. H 

Circle 624 on Page 19 
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TREAE MUST OE AN BASIER WAY 


JUST PUT 


I CAN‘T DRAW I/VE HAD MY GLASSES 
ON THESE CHANGED 4 TIMES AND 1 


Ovo PURSEWAD A LITTLE ee ae STILL CAN’T READ ‘EM 


HATES TO MORE TAPE 
PART WITH 
phi ON THESE... 
-- |> AND THEY'LL 


ESPECIALL 
sn ok ener een 


DRAWINGS!! YEARS}! 


“ 


zzz 


e 

Much easier for you when you have your 
print room, or local blueprinter, reproduce old draw- 
ings on Kodagraph Autopositive Paper. You get 
positive photographic intermediates directly. Dirt and 
stains are dropped out . . . weak line detail is turned 
into dense black photographic lines . . . ends the need 
for costly retracing. And you get the sharpest blue- 
prints or whiteprints around. 


Free booklet shows all the short cuts Kodagraph 
Reproduction Materials make possible in the draft- 


Kodagraph 


Reproduction Materials 


ALL TAP 
NOW: THE ONLY THINGS THAT 
SHOW UP ON THE 
ARE TAPEMARKS AND 
fy CREASES 


IT'S GOOD THE 
GUYS IN THE SHOP / HE SHOULD CALL 
HAVE GOOD INA JUNKMAN...OR 
MEMORIES _} ASK A BLUEPRINTER 
ABOUT AUTOPOSITIVE 


ing room. Every draftsman and engineer will find it well 
worth reading! Mail coupon today. 


EASTMAN KODAK COMPANY 
Graphic Reproduction Division, Rochester 4, N. Y. 


eoeceece MAIL COUPON FOR FREE BOOKLET 


: EASTMAN KODAK COMPANY 
* Graphic Reproduction Division, Rochester 4, N. Y. 


* Gentlemen: Send me a free copy of your booklet 
e on Kodagraph Reproduction Materials. 


Name. 





. 
e Position 








* Company 


* Street 





oe =i 
e City 





¢ Zone 
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Edwin F. Oblinger, Chief Engineer, 
Parker Sweeper Company, says: 


“WE THREW OUT 
PRESS FITS 
FOR BEARINGS... 


“We used interference fits to pre- 
vent bearing races from turning 
in the gear box of our 4HP Turbo- 
sweeper. Maintaining close toler- 
ances was a constant headache. 
If the fit was loose, the race would 
slip and fret the surfaces; if the 
fit was tight, the race would de- 
form and bearing life would be 
shortened. Then we discovered 
Loctite Liquid Sealant would do 
away with the need for press fits. 
We opened up the tolerances for 
both shaft and housing and used a 
slip fit, filling the clearance with 
Loctite. The bearings are retained 
with a force equal to the cus- 
tomary interference fit, but we've 
reduced rejected parts from 8% to 
less than 1% and reworked parts 
fell from 20% to 0! Field reports 
are excellent.” 





LIQUID 
SEALANT 
... replaced 
interference 
fits and 
opened up 
tolerances 
almost 0.002 
in. on shaft 
and housing 
for this 

ball bearing 
assembly. 
Load of over 
1000 Ibs. is 
needed to 


break bond. 


Loctite is a penetrating liquid 
that hardens only after being con- 
fined between closely fitted metal 
parts. In the absence of air, the 
sealant hardens into a strong, heat 
and oil-resistant bond. The hard- 
ening action may be accelerated 
by heating. 


Loctite eliminates the 
need for interference 
fits on bearings, sleeves, 
shafts and studs... 
locks nuts to bolts, seals 
pipe and tubing joints. 
For literature and free 
sample, write to: 


LOGTITE :e0.1n 


AMERICAN SEALANTS COMPANY 
111 Woodbine St., Hartford 6, Conn. 


Stocked by bearing and industrial distributors. 
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Bellows Flow Meter 


Catalog C22-1 descriptively covers the 
bellows flow meter for flow measure- 
ment as well as open and closed tank 
liquid level measurement. Units are avail- 
able in pressure ranges from 0-20 to 
0-400 in. of water. Booklet shows ad- 
vanced features and rectangular case in- 
struments with bellows meter body in- 
tegrally mounted. Minneapolis-Honeywell 
Regulator Co., Industrial Div., Wayne & 
Windrim Aves., Philadelphia 44, Pa. F 

Circle 625 on Page 19 


Stainless Tubular Products 


Technical data contained in Bulletin 
TDC-190 on 18-8 Group stainless steel 
tubular products include analyses, cor- 
rosion and oxidation resistance, high and 
low temperature characteristics, physical 
and mechanical properties, and fabrica- 
tion guidance. 8 pages. Babcock & Wil- 
cox Co., Tubular Products Div., Beaver 
Falls, Pa. G 

Circle 626 on Page 19 


DC Motors 


Features, dimensions, and __ technical 
specs on Moto-Mite permanent-magnet 
precision direct current motors for mis- 
sile and aircraft use are presented in Bul- 
letin X-112. They are nominally rated 
1/45 and 1/30 hp continuous duty at 
10,000 rpm., and have a 26-v de wind- 
ing. 2 pages. Globe Industries, Inc., 1784 
Stanley Ave., Dayton 4, Ohio. G 

Circle 627 on Page 19 


Thermostat Metals 
Developed to save engineering time in 
determining the correct thermostat-metal 
element size and properties for new ap- 
plications, Bulletin TRU-8 lists metal 
types, their thermal deflections, and me- 
chanical and restrained force. Use of 
table determines size and performance of 
various elements made of over 40 metals. 
4 pages. Metals & Controls Corp., Gen- 
eral Plate Div., Attleboro, Mass. B 
Circle 628 on Page 19 


Pancake Motor 
Engineering information contained in 
Bulletin 2150 deals with the performance, 
design, and applications of the new drip- 
proof Pancake Motor which is up to 54 
per cent shorter than conventional mo- 
tors. It is offered in ratings from 1 to 
15 hp, and it can be furnished with an 
integrally mounted brake. 4 pages. Louis 
Allis Co., 427 E. Stewart St., Milwaukee 
1, Wis. K 
Circle 629 on Page 19 


Molded Glass Fiber 


Molded glass fiber and the techniques 
used to produce it are subject of illus- 
trated catalog. In addition to describing 
the physical, mechanical, and electrical 
properties of plastic impregnated glass 
fiber materials, it covers the fabricating 
and finishing operations that can be per- 
formed. Custom molding service of com- 
pany is detailed. 32 pages. Molded Glass 
Fiber Companies, Ashtabula, Ohio. F 

Circle 630 on Page 19 


IMMEDIATE 
DELIVERY! 


ON %” AND 2” O.D. 


Non-Magnetic 
18-8 TYPE 303 STAINLESS 


UNIVERSAL JOINTS 





Manufacturers of electronic 
equipment have come to de- 
pend on Curtis for precision- 
made non-magnetic universal 
joints of 18-8 Type 303 stainless 
steel, in the sizes most fre- 
quently used in the industry. 
Other sizes are also readily avail- 
able; also bronze joints. 

Curtis joints benefit by a 
rigid insistence on uncom- 
promising inspection and qual- 
ity control at every stage of 
manufacture, insuring mini- 
mum backlash. 

Curtis torque and load rat- 
ings are entirely dependable, 
since they are based on con- 
tinuous testing under actual 
operating conditions. 

Not sold through distribu- 
tors. It will be to your ad- 
vantage to write or phone 
(REpublic 7-0281) for free 
engineering data and price list. 


TRADE 


~—CURTIS ¢ 


| 
| UNIVERSAL JOINT CO., INC. 
5 Birnie Avenue, Springfield, Mass. 


As near to you as your telephone 


A MANUFACTURER OF 
UNIVERSAL JOINTS SINCE 1919 
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FLIGHT-PROVED RELIABILITY. . . 


LION Quarter-turn FASTENERS 
FOR SECURING REMOVABLE SECTIONS 








—\ 





\ EXTERIOR PANELS 








INSPECTION PORTS 





MISSILE 


ELECTRONIC EQUIPMENT PORTS 








Southco’s Lion Quarter-turn Fasteners 
provide quick access and reliable securing of hinged or 
completely removable panels. Resistance to severe heat, 
shock and vibration, and a high strength-weight ratio 
make these unique fasteners ideal for use in private, 
commercial or military aircraft and missiles . . . for 
ground production and control or airborne applications, 

Lion Fasteners consist of three parts...a 
one-piece, swaged-nose stud; a retainer; a floating 
receptacle which is riveted or welded in place. Installa- 
tion requires no special tools . . . is simplified by a 
permissible float of .070”. 


SWAGED NOSE 
Case hardened one- 
piece stud with swaged nose 
has no milled sections, in- 
serts, Or cross pins .. . re- 
quires no wire spring to 
hold it in locked position. 
Lion Fasteners offer the 
highest weight-strength ratio 
available. 


2 TYPES AVAILABLE 
LION NO. 2 FASTENER LION NO. 5 FASTENER 
For use where space is For heavy-duty applica- 
limited and where weight tions where good tensile 
must be kept at a mini- and shear strength are 
mum. required. 


FULL RANGE OF HEADS 
Lion No. 2 Fastener available with flush, oval or wing 
type. No. 5 with flush, oval, ring, wing, knurled or notched 
head and key. 


oa bad cd ca lc 


YY 





KNURLED NOTCHED 
HEAD 


AND KEY 


























OTHER SPECIFICATIONS 
LION NO. 5 QUARTER-TURN FASTENERS CON- 
FORM TO MIL. SPEC. MIL-F-5591A (ASG) ... ARE 
ON THE GOVERNMENT'S QPL ... ARE CAA 
APPROVED FOR COMMERCIAL AND PRIVATE 
AIRCRAFT USE. 
MATERIAL: Cadmium-plated case-hardened steel. 


FASTENER 
HANDBOOK 


Send for your free copy of 

Southco Fastener Hand- 

book No. 8. Gives com- 

plete engineering data on 

Lion Fasteners and many 

other special fasteners. Write to Southco Division, 
South Chester Corporation, 237 Industrial High- 
way, Lester, Pa. 

















PRIVATE COMMERCIAL 
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mock-up | 
Projects 


t 


A few of the 
thousands of 
H & K patterns 
ore illustrated 
in reduced size 


Send today 
fo necrest 
H & K office 
for General 
Catalog 





a * 


*Product Development by William M. Schmidt Associates. 


with Hezk perforated metals 


Here is an H & K perforated metal grille utilized in a mock-up 
of a record player. This greatly helps the Industrial Designer 
project his concepts as H & K perforated metal is now in its 
proper element for consideration of use and selection of pattern. 


By referring to the H & K General Catalog, the designer can 
select one or more patterns for his project. 
H & K perforated metals provide the Industrial Designer, and 


other men of ideas, a medium of unlimited opportunities for 
designing better and more attractive products. 


}-{arrington & ing 
PERFORATING CO. INC. 


Chicago Office and Warehouse * New York Office and Warehouse 
5670 Fillmore Street 114 Liberty Street, Dept. MD 
Chicago 44, Illinois New York, New York 
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RUGGED ani RELIABLE 
New! 
TRANSISTORIZED 


“4. W. HAYDON COMPANY'S 
TRANSISTORIZED SUB-MINIATURE 
ELECTRONIC TIME DELAY RELAYS! 


SAVE SPACE AND WEIGHT! 


Miniature Sub-Miniature 
eries eries 





Cross Section 
Length 
Weight 


WRITE FOR: 


V%ig'* x 12Y%59"" 3Yaq"* x He" 
24"' long 2" long 
6 ounces 3 ounces 


Bulletin Bulletin 
AWH TD-503 AWH TD-504 


TEST-PROVED PERFORMANCE! 


High Temperature 


125°C (250°F) 


Vibration: 2000 CPS at 15 g 

Contact arrangements up to 4 pole double throw 

Unique transistorized R.C. time constant network 

Time Delays from 50 MS to 120 seconds. Longer Delays available 
Hermetically sealed housings 


mee TT} vor ELM STREET, WATERBURY 20, CONNECTICUT 


oe Fa 2 A. Weir JAYDON Company 


Design ond Monufacture of Electro-Mechanical Timing Devices 
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HELPFUL LITERATURE 





Coated Steel Tubing 


How designers can use coated steel 
tubing for parts and products is shown 
in Bulletin PO-5558. Properties of Zinc- 
grip, Aluminized steel Type 1, and Type 
2 are listed, and sizes and gages are rec- 
ommended for typical products. 6 pages. 
Armco Steel Corp., 5558 Curtis St., Mid- 
dletown, Ohio. G 

Circle 631 on Page 19 


Potentiometers 
Three liquid-filled potentiometers which 
withstand shock, vibration, environmental 
changes, and wear are described in Data 
Sheet 1482. Performance and application 
data are given on three and ten-turn 
models. 7 pages. Beckman Instruments, 
Inc., Helipot Div., Fullerton, Calif. i 
Circle 632 on Page 19 


Converters & Generators 


“NoBrush Notations” is title of regular 
periodical which will be sent to designers 
concerned with electric generators, con- 
verters, and similar equipment. Technical 
information is given on various machines. 
2 pages. Georator Corp., Drawer 472, 
Manassas, Va. Cc 

Circle 633 on Page 19 


Teflon & Rubber Tapes 


Briefly covered in illustrated fola.: are 
Temp-R-Tape pressure-sensitive and self- 
adhesive Teflon, glass fiber, and si!icone 
rubber tapes for —100 to 500°F tem- 
perature electrical and mechanical applica- 
tions. Also detailed are silicone rubber, 
sponge, and coated sheets for gasket, pad, 
diaphragm, and cushion uses. 4 pages. 
Connecticut Hard Rubber Co., 407 East 
St., New Haven 9, Conn. B 
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Control Motor 


Specifications of the Model PC control 
motor are contained in Catalog Sheet 
CM-13. This 0 to 4000 rpm motor can 
be supplied with optional tachometer gen- 
erator and is designed for operation on 
0 to 100 v de. 1 page. Rotron Controls 
Corp., Woodstock, N. Y D 

Circle 635 on Page 19 


Vibration Test Systems 


Three bulletins prepared for aviation, 
missile, and rocket design and test engi- 
neers deal with vibration testing equip- 
ment for sinusoidal and complex motion 
checking with force ratings from 1700 
to 25,000 Ib. Bulletins 425, 435, and 470 
described differet capacity systems. 8, 4, 
and 8 pages, respectively. MB Mfg. ~~ 
Box 1825, New Haven, Conn. 

Circle 636 on Page h 


Cooling Coils 
Chilled water cooling coils in finned 
heights of 12 to 36 in. and finned lengths 
of 24 to 120 in. are available, according 
to Data Sheet CWC-200. Rating data 
presented aids in selection of coils for 
most applications. Specifications are given. 
2 pages. Halstead & Mitchell, Bessemer 
Bldg., Pittsburgh 22, Pa. F 
Circle 637 on Page 19 
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Mechanical Seals 


Mechanical seals for all makes, 
models, and sizes of centrifugal pumps 
and most rotating shaft sealing problems 
are described in illustrated folder. Ranges 
for standard types are mentioned. 4 pages. 
Borg-Warner Corp., Box 2017, Terminal 
Annex, Los Angeles 54, Calif. L 

Circle 638 on Page 19 


Drill Jig Bushings 
Easy-entry blended radius, full-length 
no-counterbore bearings, honed or lapped 
bores, and corrosionproof external finish 
are features of line of precision drill jig 
bushings described in illustrated Catalog 
582. Specifications of various types offered 
are given. 12 pages. Standard Bushing 
Manufacturers, Inc., 1537 Elmwood Ave., 
Providence 7, R. I. B 
Circle 639 on Page 19 


Stainless Steel 
Properties, joining methods, fabricating, 
heat treating, care, and cleaning of 400 
Series of chromium type stainless steels 
are discussed in detail in Bulletin 562R. 
Basic data are included, along with many 
graphs and tables on properties. Available 
forms and finishes are listed. 40 pages. 
Republic Steel Corp., Republic Bldg., 
Cleveland 1, Ohio. F 
Circle 640 on Page 19 


Slings 
Specifications, load ratings, and stand- 
ard fittings for Cable-Laid Safe-Guard 
and Rope-Laid Safe-Guard slings are 
given in Folder 5886. Sizes with from 
14, to 1'\4-in. diameters are covered. 4 
pages. Macwhyte Wire Rope Co., — 
14th Ave., Kenosha, Wis. 
Circle 641 on Page . 


Plug-Harness Systems 
Cannon Plug-Harness systems are 
special lengths of cable for specific ap- 
plications, terminating at each end with 
one or more electrical plugs. They are 
described and their uses outlined in Cata- 
log HC-1. Production techniques, testing, 
and quality control are described. 8 pages. 
Cannon Electric Co., 3208 Humboldt St., 
Los Angeles 31, Calif. L 
Circle 642 on Page 19 


Self-Swaging Nuts 
Load bearing threads are provided for 
thin metal fast and economically by the 
SPS swage nuts. The self-swaging, clinch 
type nuts, described in Bulletin 2447, 
anchor firmly in sections as thin as 
0.020 in. Properties and other data are 
given. 4 pages. Standard Pressed Steel Co., 
Jenkintown, Pa. Cc 
Circle 643 on Page 19 


Locknuts 


Basic engineering data and _ specifica- 
tions on '4 to 3-in. hexagon nuts, 1/4 to 
54-in. 12-pointer nuts, and 14 to 114-in. 
Conelok, Huglok, and Marsden locknuts 
are contained in condensed catalog. 8 
pages. National Machine Products Co., 
44225 Utica Rd., Utica, Mich. 

Circle 644 on Page 19 
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CONTROL 
the finish 
...and the 
CcCosTs 
with the 


surfindicat 


No over-finishing . . . no under-fin- 
ishing with the Brush Surfindicator. 
Weighing only 15 lbs. and ready to 
be plugged into any 115 volt outlet, 
it provides on-the-job instant sur- 
face measurement. Controlled finish 
is now practical—inexpensive—and 
extremely profitable. 


The Brush Surfindicator measures 
any surface—any shape—any size. 
Accurate measurements in micro- 
inches can be seen at a glance! It 
brings you laboratory-precision meas- 
urement unaffected by magnetic 
fields, vibration or line voltage varia- 
tion. It requires no skill . . . can be 
used by anyone who can read a 
meter. Measurements are easily made 


in complete compliance with the new 
ASA and military standards. Write 
for the ASA standards and all of the 
complete facts on this profit-making 
tool that will pay for itself! 
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mock-up _ 
Projects 
design 
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*Product Development by William M. Schmidt Associates. 


with He-kK perforated metals 


Here is an H & K perforated metal grille utilized in a mock-up 
ae of a record player. This greatly helps the Industrial Designer 
iaieuniie of project his concepts as H & K perforated metal is now in its 


H & K patterns ~ H ; ; 
pig Beneate proper element for consideration of use and selection of pattern. 


in reduced size By referring to the H & K General Catalog, the designer can 
select one or more patterns for his project. 


H & K perforated metals provide the Industrial Designer, and 
other men of ideas, a medium of unlimited opportunities for 


Send today designing better and more attractive products. 


4 aK office —_ » - 
= -farrington & ling 
PERFORATING CO. INC. 


Chicago Office and Warehouse * New York Office and Warehouse 
5670 Fillmore Street 114 Liberty Street, Dept. MD 
Chicago 44, Illinois New York, New York 
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RUGGED and RELIABLE 
New! 
TRANS. WAY/ TORIZED 


A W. HAYDON COMPANY'S. 


TRANSISTORIZED SUB-MINIATURE 
ELECTRONIC TIME DELAY RELAYS! 


SAVE SPACE AND WEIGHT! 


Miniature Sub-Miniature 
Series eries 
Cross Section I%e"’ x 12Y%9"" 3Yy2"" x Ke" 
Length 2/4'' long 2" long 
Weight 6 ounces 3 ounces 


Bulletin Bulletin 
WRITE FOR: AWH TD-503 AWH TD-504 








TEST-PROVED PERFORMANCE! 

High Temperature: 125°C (250°F) 

Vibration: 2000 CPS at 15 g 

Contact arrangements up to 4 pole double throw 

Unique: transistorized RC. time constant network 

Time Delays from 50 MS to 120 seconds. Longer Delays available 
Hermetically sealed housings 


ae 
lw A.W-RIAYDON Company 


NORTH ELM STREET, WATERBURY.20, CONNECTICUT 
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Coated Steel Tubing 


How designers can use coated steel 
tubing for parts and products is shown 
in Bulletin PO-5558. Properties of Zinc- 
grip, Aluminized steel Type 1, and Type 
2 are listed, and sizes and gages are rec- 
ommended for typical products. 6 pages. 
Armco Steel Corp., 5558 Curtis St., , 
dletown, Ohio. 
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Potentiometers 
Three liquid-filled potentiometers which 
withstand shock, vibration, environmental 
changes, and wear are described in Data 
Sheet 1482. Performance and application 
data are given on three and ten-turn 
models. 7 pages. Beckman Instruments, 
Inc., Helipot Div., Fullerton, Calif. % 
Circle 632 on Page 19 


Converters & Generators 


“NoBrush Notations” is title of regular 
periodical which will be sent to designers 
concerned with electric generators, con- 
verters, and similar equipment. Technical 
information is given on various machines. 
2 pages. Georator Corp., Drawer 472, 
Manassas, Va. Cc 

Circle 633 on Page 19 


Teflon & Rubber Tapes 


Briefly covered in illustrated folder are 
Temp-R-Tape pressure-sensitive and self- 
adhesive Teflon, glass fiber, and silicone 
rubber tapes for —100 to 500°F tem- 
perature electrical and mechanical applica- 
tions. Also detailed are silicone rubber, 
sponge, and coated sheets for gasket, pad, 
diaphragm, and cushion uses. 4 pages. 
Connecticut Hard Rubber Co., 407 East 
St., New Haven 9, Conn. B 

Circle 634 on Page 19 


Control Motor 


Specifications of the Model PC control 
motor are contained in Catalog Sheet 
CM-13. This 0 to 4000 rpm motor can 
be supplied with optional tachometer gen- 
erator and is designed for operation on 
0 to 100 v de. 1 page. Rotron Controls 
Corp., Woodstock, N. Y. D 

Circle 635 on Page 19 


Vibration Test Systems 


Three bulletins prepared for aviation, 
missile, and rocket design and test engi- 
neers deal with vibration testing equip- 
ment for sinusoidal and complex motion 
checking with force ratings from 1700 
to 25,000 Ib. Bulletins 425, 435, and 470 
described different capacity systems. 8, 4, 
and 8 pages, respectively. MB Mfg. Co., 
Box 1825, New Haven, Conn. B 

Circle 636 on Page 19 


Cooling Coils 
Chilled water cooling coils in finned 
heights of 12 to 36 in. and finned lengths 
of 24 to 120 in. are available, according 
to Data Sheet CWC-200. Rating data 
presented aids in selection of coils for 
most applications. Specifications are given. 
2 pages. Halstead & Mitchell, Bessemer 
Bldg., Pittsburgh 22, Pa. F 
Circle 637 on Page 19 
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Mechanical Seals 


Mechanical seals for all makes, 
models, and sizes of centrifugal pumps 
and most rotating shaft sealing problems 
are described in illustrated folder. Ranges 
for standard types are mentioned. 4 pages. 
Borg-Warner Corp., Box 2017, Terminal 
Annex, Los Angeles 54, Calif. a 

Circle 638 on Page 19 


Drill Jig Bushings 
Easy-entry blended radius, full-length 
no-counterbore bearings, honed or lapped 
bores, and corrosionproof external finish 
are features of line of precision drill jig 
bushings described in illustrated Catalog 
582. Specifications of various types offered 
are given. 12 pages. Standard Bushing 
Manufacturers, Inc., 1537 Elmwood Ave., 
Providence 7, R. I. 
Circle 639 on Page 19 


Stainless Steel 
Properties, joining methods, fabricating, 
heat treating, care, and cleaning of 400 
Series of chromium type stainless steels 
are discussed in detail in Bulletin 562R. 
Basic data are included, along with many 
graphs and tables on properties. Available 
forms and finishes are listed. 40 pages. 
Republic Stee! Corp., Republic Bldg., 
Cleveland 1, Ohio. F 
Circle 640 on Page 19 


Slings 
Specifications, load ratings, and stand- 
ard fittings for Cable-Laid Safe-Guard 
and Rope-Laid Safe-Guard slings are 
given in Folder 5886. Sizes with from 
14, to 1\4-in. diameters are covered. 4 
pages. Macwhyte Wire Rope Co., 2905 
14th Ave., Kenosha, Wis. K 
Circle 641 on Page 19 


Plug-Harness Systems 


Cannon Plug-Harness systems are 
special lengths of cable for specific ap- 
plications, terminating at each end with 
one or more electrical plugs. They are 
described and their uses outlined in Cata- 
log HC-1. Production techniques, testing, 
and quality control are described. 8 pages. 
Cannon Electric Co., 3208 Humboldt St., 
Los Angeles 31, Calif. 2 
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Self-Swaging Nuts 
Load bearing threads are provided for 
thin metal fast and economically by the 
SPS swage nuts. The self-swaging, clinch 
type nuts, described in Bulletin 2447, 
anchor firmly in sections as thin as 
0.020 in. Properties and other data are 
given. 4 pages. Standard Pressed Steel Co., 
Jenkintown, Pa. Cc 
Circle 643 on Page 19 


Locknuts 


Basic engineering data and _ specifica- 
tions on '/4 to 3-in. hexagon nuts, 14 to 
54-in. 12-pointer nuts, and 1/4, to 11/4-in. 
Conelok, Huglok, and Marsden locknuts 
are contained in condensed catalog. 8 
pages. National Machine Products Co., 
44225 Utica Rd., Utica, Mich. H 

Circle 644 on Page 19 


January 22, 1959 








CONTROL 
the finish 
...and the 
CcCosTs 
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No over-finishing . . . no under-fin- 
ishing with the Brush Surfindicator. 
Weighing only 15 lbs. and ready to 
be plugged into any 115 volt outlet, 
it provides on-the-job instant sur- 
face measurement. Controlled finish 
is now practical—inexpensive—and 
extremely profitable. 


The Brush Surfindicator measures 
any surface—any shape—any size. 
Accurate measurements in micro- 
inches can be seen at a glance! It 
brings you laboratory-precision meas- 
urement unaffected by magnetic 
fields, vibration or line voltage varia- 
tion. It requires no skill . . . can be 
used by anyone who can read a 
meter. Measurements are easily made 


in complete compliance with the new 
ASA and military standards. Write 
for the ASA standards and all of the 
complete facts on this profit-making 
tool that will pay for itself! 
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Use Yellow Card, page 19, to obtain more information 


Machined Springs 


for instrument and 
control applications 


Precision compression springs are 
designed for application in cases 
where conventional springs are in- 
adequate, particularly in  instru- 
ments and controls. Herringbone 
(left) and. Gimbal (right) styles 
are both machined, heat treated, 
and ground to offer square ends, 
tight control of free length, and 


= 


exact matching of specified spring 
rate. Construction eliminates twist 
or turning moment between end 


faces that can produce shifts. 
Springs offer uniformity of spring 
rate from zero load up, since ef- 
fective length of turn does not 
change with load. Symmetrical 
application of force at diametrically 
opposite points effectively eliminates 
tendency to cock. Herringbone 
design, for equivalent characteris- 
tics, occupies less volume than Gim- 
bal type. Consolidated Controls 
Corp., Bethel, Conn. B 

Circle 645 on Page 19 


Magnetically Actuated Switch 


withstands high 
impact stresses 


Magnaswitch is a magnetically ac- 
tuated unit which requires no ex- 
ternal physical contact. It handles 
linear or rotary applications. Com- 
pletely encapsulated, switch is im- 
pervious to environmental contami- 
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nants and withstands high impact 
stresses without damage or malfunc- 
tion. Unit can be actuated with 
either a permanent magnet or elec- 
tromagnet. One actuator can be 
used to trip any number of switch- 
es. Push-pull, sliding, or rotary mo- 
tion can be used. Capacity, de- 
pendent on application, is up to 
15 amp, 250 v. Reed Research Inc., 
1048 Potomac St. NW., Washing- 
ton 7, D. C. C 

Circle 646 on Page 19 


Small-Motor Bases 


permit wide range of 
speed variation 


SB bases are for fractional-horse- 
power motors with variable-pitch 
sheaves. Model SB-2L permits 5 
in. bed travel and Model SB-2S, 4 
in. travel. Both have 4!/,-in. hand- 
wheel and screw adjustment with 
locknuts to limit movement, assur- 
ing positive settings without slip- 
page. Rigid guide rods are pro- 
vided for smooth, positive sliding 
action. Model SB-2L is 7!/ in. 
wide by 17 in. long and handles 
\,, 34, and 1l-hp motors. Small 


SB-2S base handles up to 14-hp 
motors. Rampe Mfg. Co., 14915 
Woodworth Ave., Cleveland, 
Ohio. G 
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Epoxy Resin 


for high-temperature 
applications 


X-2638.3 epoxy novolac has appli- 
cations in high-strength adhesives 
for metal fabricating, glass-rein- 
forced laminates for structural 
shapes, and in electrical printed cir- 
cuits. It is for all applications re- 
quiring resistance to high tempera- 
tures and great heat stability. Ma- 
terial exhibits greater strength at 
high temperatures, greater heat sta- 
bility, and more chemical resistance 
than conventional epoxy resins. It 
is available also in an 85 per cent 
solids solution to facilitate handling 
by fabricators. Dow Chemical Co., 
Midland, Mich. H 
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Nickel-Cadmium Cells 


for subminiature units 
requiring minimum power 


Two rechargeable button cells of 
sintered-plate nickel-cadmium meas- 
ure only 7% in. diam and weigh 
oz. Units, designed for miniature and 
subminiature electrical and _ elec- 
tronic applications where minimum 
power is required, are maintenance- 
free. Nongassing upon recharge, 
they require no filling or electro- 
lyte, operate at normal temperature 
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Quietest 
Direct Drive 
Blower Motor 


Place a mechanic’s stethoscope on the end cap 
and you can easily hear the difference between 
the newly-designed Redmond Type AY and 
motors of conventional design. Try it on a Red- 
mond 1/6 hp—the noise level is about that of a 
1/35 hp motor of conventional design. 


New Kedmond Design Reduces Blower Vibration to 
One-Fifth that of units using Conventional Shaded-Pole Motors 


The new AY is ideal for a wide variety of appli- 
cations requiring a whisper-quiet, economical, 
high-quality motor. Contact us at Owosso, Michigan, 
and we will have the Redmond sales engineer in your 
district call you at once. 


Apply vibration tests and you will be quick to agree 
that here is the quietest direct-drive blower motor 
available. The AY Tri-Flux motor is designed and 
manufactured in every way to give years of trouble- 
free service and whisper-quiet operation. The positive 
oil system provides force-feed lubrication. Recirculating 
the oil assures maximum bearing life. 

The graph shows vibration test results on the 
new Redmond design and two competitive motors. 
These tests were made with the best vibration testing 
equipment available. The solid black bar shows vibra- 
tion on the motor end cap; the gray bar shows vibration 
on the blower housing. The graph is decibel readings on 
120 cycles, since the 120 cycle frequency is the one that 
is the basic source of nearly all noise problems. Reduc- 
tion of vibration is a logarithmic function—the reduc- 
tion of vibration in the Redmond motor to 33 decibels 
reduces noise to only 1/5th that of conventional motors. 
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Competitor 
Motor B 


Redmond 
Type AY 


Competitor 
Motor A 


The Standard of Dependability 


COMPANY, INC. 


Subsidiary of CONTROLS COMPANY OF AMERICA 


Owosso, 
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takes 
less than 
5). cu. ft. 


Arnolt Corp. Model CPT6-O 
TESTER, PRESSURE CABIN 
LEAKAGE (For Military 
and Civilian Aircraft) 
Utilizes 2-stage M-D Blower Unit 
1000 SCFM—10 PSIG 

800 SCFM—12.5 PSIG 

600 SCFM—14.0 PSIG 


1,000 cfm 
(up to 14 psig) 





ARNOLT CORPORATION FINDS M-D ROTARY 
POSITIVE BLOWERS USE LESS H.P.— 


EFFICIENT AT 


The Arnolt Corp. employs a 2-stage M-D 
blower in their cabin pressure leakage 
tester for several reasons. It does the job 
with 50% reserve capacity, takes up a 
fraction of the space of competitive 
blowers with equal capacity, operates effi- 
ciently at any speed or pressure and re- 
quires a smaller driver. 

If space and weight of the blower is a 
concern in your design problem, consider 
this fact. M-D rotary positive blowers be- 
cause of their unique 3-lobe design require 


Ul 


WIDE SPEED RANGE 


smaller cubic space than any other blow- 
ers. A survey shows that a 10 PSI M-D 
takes *% to less than 1/10 the space of 
competitive models . . . and in some cases 
are only 1/10 the weight. 

M-D Blowers operate at wider pressure 
and speed ranges than any other rotary 
positive blower. The capacity of the Model 
4012 (4” rotor 12” long) is shown below. 
Capacities of 11 other production models 
range from 50 to 4000 CFM, pressures to 
14 PSIG single, 70 PSIG multi-stage. 


er 
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For full information write 


M-D BLOWERS, INC., racine, WISCONSIN 
A Subsidiary of Miehie-Goss-Dexter, Inc. 
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ranges, and have low internal re- 
sistance which allows discharge cur- 
rents up to ten times capacity. Cells 
can be stacked into batteries and 
connected into series or parallel. 
Two ratings are 0.18 and 0.10 ma, 
both with open-circuit voltage of 1.2 
v. Recharging requires constant cur- 
rent equal to 1/10 normal capacity. 
Alkaline Battery Div., Gulton Indus- 
tries Inc., 212 Durham Ave., Me- 
tuchen, N. J. D 

Circle 649 on Page 19 


Miniature Clutches 


allow drive in one direction 
and free-wheeling in opposite 


Miniature one-way precision roller 
clutches meet requirements for near- 
zero backlash, free-wheeling, selec- 
tive coupling, automatic cycling, 
dual or multiple drives, and infin- 
itely adjustable ratchets. They al- 
low drive in one direction and pro- 
vide free-wheeling action in op- 
posite direction. Basic assembly 


consists of a hardened and preci- 
sion ground cam block, four bear- 
ing-steel rollers, four springs, and 
two side retainers, available in four 
sizes for installation in housing. 
Complete clutches, including hous- 
ing and shaft, and precision ball 
bearings in some models, are also 
available. Roller assembly sizes 
range from 0.1875-in. bore and 
0.625-in. OD through 0.625-in. bore 
and 1.625-in. OD. Right or left- 
hand drives are offered. Miniclutch 
Co., 373 Morse St., Hamden, 
Conn. B 

Circle 650 on Page 19 


Quick-Release Fastener 


is three-piece unit for 
panel thicknesses 0.62 to 1.87 in. 


Three-piece Pres-Loc slide fastener 
consists of receptacle, retaining ring, 
and preassembled stud nut. Stud 
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Webster 
POSITIVE DISPLACEMENT GEAR-TYPE PUMPS 


Yesterday’s pipe dream is today’s nimble-fingered reality. 

This versatile fork lift truck unloads and stacks — carries a full 
platform load. The heart of its powerful hydraulic system 

is a Webster Gear-Type Pump. Just another example of Webster’s 
practical and economical adaptation to hundreds of hydraulic 
applications .. in lift systems, pressure lubricating, oil circulating 
...in industrial, agricultural and construction equipment. 


Webster Gear-Type Pumps present many advantages in design 
“fit” and application — with unusual standardization and 
interchangeability of components. Keep Webster in mind when 
you plan hydraulics — for the dynamic difference that pays! 


OIL HYDRAULICS DIVISION 


WEBSTER c2.ELECTRIC 


our [ 


L 
pe 
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Smooth, quiet 


power transmission 


for heavy loads— 
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is inserted through panel to engage 
receptacle, and stud button is then 
pushed to lock assembly. To un- 
lock, button is pushed to force 
spreader between receptacle leaf 
springs, permitting unit to be with- 
drawn. Unit requires no special 
tools for installation. Suited par- 
ticularly for aircraft, missile, and 
electronic fields, fastener is available 
in steel in stud diameters of 0.386, 
0.453, and 0.515 in. Panel thick- 
nesses can range from 0.62 to 1.87 
in. Deutsch Fastener Corp., P. O. 
Box 61072, Los Angeles 61, Calif. L 


The Herringbone gear design 
provides continuous tooth ac- 
tion — eliminates end thrust. 


Circle 651 on Page 19 


Built for heavy load conditions, Horsburgh & Scott Herringbone 


Speed Reducers give you dependa 


ble economical service. They’re 


available in single, double and triple reduction units. Check these 


9 points of superiority: 
1. Overall design conforms to 
AGMA specifications. 


2. All bearing loads are balanced, 
due to the symmetrical design of 
the gearing. 


3. Oversize bearings and low speed 
shaft provide tremendous overhung 
load capacity. 


4. Heavy wall and base-pad thick- 
ness provides extra housing rigidity. 


5. Housing designed with box-type 


construction for maximum thermal 
Capacity. 

6. Every gear is accurately sized and 
then cut on a modern Sykes continu- 
ous tooth gear generator. 

7. All pinions are integral with the 
shafts and are made of heat treated 
alloy forgings. 

8. Dust and oil-proof seals are pro- 
vided on shafts extending outside 
the housing. 

9. Splash lubrication floods all bear- 
ings and gears. 


You'll find a wealth of information in our Catalog 55 describing 


our complete line of Speed Redu 
nearby H & S representative. 


cers. Write for it, or ask your 





THE /(HORSBURGH & SCOTT) CO. 


GEARS AND SPEED REDUCERS 
5112 Hamilton Avenue 
Cleveland 14, Ohio 
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Miniature Stepping Motor 


high-speed unit 
prevents double indexing 


Miniature stepping motor and 
switch cannot double index dur- 
ing shock, vibration, or over-volt- 
age. Two models of stepping de- 
vices, designated MotoStep and 
Motoswitch, are available in uni- 
directional and bidirectional units. 
The stepping switch is a teri-point 
et -hed-circuit, precision switch with 
plated contacts. The _bidirec- 
tional feature is accomplished 
through use of two identical step- 
ping motors driving same shaft in 
opposite directions. Output shaft is 
rotated 36 deg for each input im- 
pulse, up to 40 steps per sec. Both 
units are available in standard volt- 
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ages of 24, 48, and 90 v de, and 
110 v ac, with intermediate volt- 
ages also available. Applications 
include use in programming devices 
and for sequential operations where 
digital-to-analog information con- 
version must be made. Data In- 
struments Div., Telecomputing 
Corp., 12838 Saticoy St., North 
Hollywood, Calif. 3 
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V-Belt Drive 


has narrower belts and sheaves 
than previous units 


Super HC V-belt drive provides 
complete coverage of entire range 
of drive requirements with only 
three cross sections instead of five. 
Drive has narrower, deeper cross- 
sectioned, high-capacity belts, and 


caida 


narrower sheaves (shown), provid- 
ing up to three times the horsepow- 
er capacity of previous units in the 
same space. Arched top of belt 
prevents distortion of tensile sec- 
tion, permitting each of the tensile 
cords to carry correct amourt of 
load. Improved concave sidewalls 
eliminate concentrated ‘vear on 
sides of belt and insure precision 
fit in groove’ for maximum pulling 
power. Gates Rubber Co., 999 S. 
Broadwey, Denver 17, Colo. K 

Circle 653 on Page 19 


Pushbutton Switch 


has electronic circuit for 
single-pulse output 


1PB600 series pushbutton-switch as- 
semblies, which operate in —65 to 
185 F temperatures, are designed for 
use in electronic test circuits, key- 
board input consoles, fusing arm- 
ing and firing circuits, and reflect- 
ed pulse systems. They incorpo- 
rate an electronic circuit to produce 
a single, micro-second-length pulse 
with each operation, eliminating 
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IT’S 
THE 
PROJECT 
THAT 
DETERMINES 
THE 
SIZE 
OF 
THE 
FASTENER ! 


Size is merely relative . .. even in miniature nuts. The 
real criteria are uniform accuracy, dependable per- 
formance and prompt delivery at competitive prices. 


As the leading producer of turned nuts . . . both stand- 
ards and specials . . . Fischer can supply a complete 
range of precision nuts to solve fastening or assembly 
problems in all types of miniaturized equipment. 


Whatever your application, let Fischer quote your 
next order for miniature or special nuts. 


8 12 16 20 24 
58. 56 54. . S22 oR 


This enlarged scale photograph illustrates 
typical miniature nuts being supplied for 
electrical and electronic products. 
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§ FISCHER SPECIAL MFG. CO. 

451 Morgan St., Cincinnati 6, Ohio 

Please send 20-page CATALOG FS-1000 
ini 4 pecificati on brass 


there’s no premium for precision at 





9 P 
and aluminum nuts. 


te 


FISCHER SPECIAL MFG. CO. 


Name Title 





Company. 





Street 





City —__—. Zone___. State. — 
4289-FS 
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A basic “bread and butter” team 


Each A-MP terminal line and matching tool were de- 
signed to go together like bread and butter... and to 
be as basic to your electrical circuit termination program. 


Reliability and lowest cost also go together like bread 
and butter in this A-MP tool and terminal method. 
There are no hidden ‘‘caviar’’ costs or doubtful connec- 
tions. In fact, total installed cost is lower than any 
other terminal-attachment method, while the entire 
termination operation is mechanically quality-controlled 
to create the highest reliability in the finished product. 


In addition, AMP manufactures a more diversified line 
of termination products than any other firm in the 
world, ranging from top quality circuit terminals and 
splices to versatile multi-circuit units for the most com- 
plex electronic components. 


Here, truly, is a line that will earn its bread and butter 
in your plant day after day, year after year. 


Write for more information on this modern, low cost 
circuit termination method. 
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need for special pulse-input circuits 
in high-speed electronic switching 
devices. Square-wave pulse width 
is factory adjustable from 0.2 to 2.5 
mu sec, and amplitude from 3 to 
60 v. Both width and amplitude 
are independent of speed of switch 
operation. Circuit includes ca- 


~,028 —.| 
pacitor, resistor, magnetic core, and 
diode. Components are potted in 
a modular package to provide 
physical and environmental protec- 
tion. Contact arrangement is sin- 
gle - pole, double - throw. Micro 
Switch Div., Minneapolis-Honey- 
well Regulator Co., Freeport, Ill. K 

Circle 654 on Page 19 


Pillow-Block Bearings 


have shock-resistant, 
ductile housings 


Pillow-block (top) and flange bear- 
ings are low-cost units which carry 
light loads at normal speeds. They 
have durable housings of ductile 
material that resists shock and vi- 
bration. Bearings incorporate an 
extended inner ring, two set screws 
for locking bearing to shaft, and 
elongated bolt holes for mounting. 
Other construction features include 
compensation for normal shaft mis- 
alignment, factory lubrication, neo- 
prene seals, and standard grease 
fitting for service requiring re- 
lubrication. Pillow-block units are 
available in shaft sizes from 1/ 


AMP INCORPORATED 


General Offices: Harrisburg, Pennsylvania 
A-MP products and engineering assistance are available through subsidiary 
companies in: Canada « England « France « Holland « Japan | 
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aeons , anywhere. You save time and 
: money, because the one you . 
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READY TO Jen aaeE: 
Shaft Seals for Almost 


SHIP HIP Half-A-Century 3 
Gite iames. Mrs. Co. 


Kilbourn Ave., Chicago 23, Ill. 











A Clutch Engineering, Design and Manufacturing 
Service For Industry 


Our Over-Center Clutches 
are available in Gear Tooth 
(as above), Solid Disc, and 
Flex-Disc types. Their five 
sets of over-center toggles 
98: ot we 2-3 times greater 

—s surface than is 
usual. 





This Over-Center Cut-off 
Clutch has minimum over- 
all length for restricted 
space applications. All of 
our over-center clutches are 
readily adjusted for wear 
by releasing latch and turn- 
ing toggle assembly. 


Our standard line includes also air-operated clutches. We invite 
inquiries for standard or special clutches. Write us at Box 118, 
Waukesha, Wisconsin or telephone Liberty 7-3359. 


INDUSTRIAL CLUTCH CORP. 


Waukesha Arras ree 
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FOR “FIXED” and “BLIND” fastening to get 


* Easier Positioning 
rg 


GRIPCO PILOT-PROJECTION WELD NUT 


The centering pilot provides quick, 
easy positioning of nut in pre-punched 
hole for instant resistance welding. 
No jigs, no fumbling, no waste of time. 
No fouling of threads. In two pilot 
and projection heights with or with- 
out the pat 973 Locking feature. Sizes 
No. 6 thru 5 54” ° 
GRIPCO COUNTERSUNK WELD NUT 
Countersunk feature eliminates time- 
wastin sotepers of nut after weld- 
ing. e 3 weld projections on both 
type nuts provide a firm non-rocking 
electrical connection. 


* Quicker Fastening 


* Positive attaching * Less cost 


GRIPCO CLINCH NUTS 


With or without Gripco 
locking feature, for posi- 
tive attaching of a threaded 
medium to thin ag 
Can be automatically fed 
and clinched or staked with 
hydraulic or air equipment. 


Write for this new FREE 
catalog today. Ask 
for samples. 


ALL GRIPCO FASTENERS AVAILABLE FOR IMMEDIATE DELIVERY 


103 Maple Ave. + South Whitley, Ind. 
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| available with heavy, 
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through 1 3/16 in. Units are also 
cast-iron 
housings (bottom) for normal duty, 


in shaft sizes from % through 
| 2 15/16 in. Hoover Ball & Bearing 


Co., 5400 S. State Rd., Ann Ar- 


| bor, Mich. H 


Circle 655 on Page 19 


Hydraulic Piston Pumps 


incorporate internal 
inlet check valve 


PF 3021 and PF 6015 hydraulic 
piston pumps are ten-piston, axial- 
type units designed for mobile and 
industrial applications. ‘They are 


| for rated pressures to 3000 and 6000 


psi respectively, and deliver up to 


43.0 and 50.7 hp (peak intermit- 
tent). Pumps incorporate internal 
inlet check valve within each pis- 
ton, eliminating need for a valve 
plate. Straight-line oil-flow _pat- 
tern affords low noise level and al- 
lows high operational speeds. PF 
6015 delivers 10.5 gpm at 1800 rpm, 
and PF 3021 delivers 14.7 gpm at 
1800 rpm. Dynex Inc., 777 Dynex 
Drive, Pewaukee, Wis. K 

Circle 656 on Page 19 


Control-Rod Assembly 


is self-contained, 
self-lubricated unit 


Series C-100-A Alinabal control-rod 
assembly is for applications where a 
fixed nonadjustable center distance 
between joints can be used. The 
self-contained control rod is of 
welded construction. Two end 
rings are welded to control rod 
with a 125,000-psi welding rod, 
resulting in strength equal to a solid 
joint. Spherical race which retains 
self-aligning balls assures long 
cycling life at either high or low 
velocity. It will not flare out under 
these conditions, plus load, or high- 
frequency vibration. Sintered-metal, 
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oil-impregnated ball is_ self-lubri- 
cated, and is available in either 
bronze or iron-copper. Balls of 
other materials are also furnished, 
such as sintered nylon for high 
vibration, various types of stainless 
for corrosion resistance, and _ hot- 
work tool steels for high heat con- 
ditions. Carter Engineering Co., 
Ferrysburg, Mich. H 

Circle 657 on Page 19 


High-Temperature Material 


for sleeve bearing and 
seal applications 


Clevite 300 has excellent antifric- 
tion properties, low wear rate, and 
thermal stability in light to mod- 
erate-duty continuous service at 
temperatures to 1200 F. In short-life 
applications it is effective at con- 
siderably higher temperatures. It 
also has shown promise in applica- 
tions where lubrication cannot be 
provided. Designed for sleeve bear- 
ing and seal applications, the iron- 
base metallic compound is fabricat- 
ed by powder-metallurgy tech- 
niques. Material runs best against 
itself, but can also be used satis- 
factorily in combination with com- 
mercial materials such as 52100 
steel. Cleveland Graphite Bronze 
Div., Clevite Corp., 17000 St. Clair 


Ave., Cleveland, Ohio. G 
Circle 658 on Page 19 


Miniature Locking Pins 


of chrome-vanadium 
or stainless steel 


Groov-Pin locking drive pins are 
only 1/32 in. diam and 4% to 4 
in. long. They are suitable for con- 
necting or locking together two 
miniature parts, and can be used 
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This can’t be FIREBAN... 


New Taylor FIREBAN 321 Laminated Plastic 
is self-extinguishing in only 3 seconds 


Electrical faults in appliances, TV sets, radios, motors and other 
electrical devices frequently lead to fires—and these fires lead to 
complete destruction of the equipment, sometimes extensive dam- 
age to the facilities surrounding it. Taylor FIREBAN 321 is designed 
to retard fire. Self-extinguishing in only 3 seconds— it is an effective 
barrier against the spread of flame. In addition, this flame-retardant 
laminated plastic has excellent moisture resistance, excellent elec- 
trical resistance after exposure to high humidity, and good mechan- 
ical properties; also offers low dielectric losses. These properties 
help prevent the electrical faults that lead to fires. Write TAYLOR 
FIBRE CO., Norristown 47, Pa., for complete details. 


aylor 


LAMINATED PLASTICS VULCANIZED FIBRE 
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to replace plain pins or bent-wire 
fasteners. Miniature pins (left) have 
grooves similar to standard pins 
(right). Manufactured of 6150 
chrome-vanadium or stainless steel 
303, pins are held within tolerances 
of +0.001 in. Groov-Pin Corp., 
1125 Hendricks Causeway, Ridge- 
field, N. J. D 

Circle 659 on Page 19 


Miniature Potentiometer 


is offered in ranges 
from 10 to 75,000 ohms 


Model 550  three-turn precision 
wire-wound potentiometer, with 
only 7% in. diam, features precision 
ball or sleeve bearing mounts at 
both shaft ends, and machined 
aluminum lids for bushing or servo- 
type mounting. Body is moisture- 
proof laminated phenolic, which 
provides maximum dimensional sta- 
bility and insulation resistance. Up 
to ten extra terminals can be added 
in addition to standard terminals 
to meet nearly all specified require- 
ments. Unit is offered in ranges 


from 10 to 75,000 ohms with line- 
arity tolerance of +0.3 per cent 
standard, +0.1 per cent special. 
Spectrol Electronics Corp., 1704 S. 
Del Mar Ave. San Gabriel, 
Calif. M 

Circle 660 on Page 19 


Bearing Materials 


of filled 
virgin Teflon powder 


Seven filled Teflon bearing mate- 
rials have excellent wearing quali- 
ties and are less subject to thermal 
expansion and cold flow than pure 
Teflon. They consist of virgin Tef- 
lon powder filled with various ma- 
terials to meet specific operating 
conditions. Teflon fillers include 
glass, carbon, glass and carbon, ce- 


ramic, graphite and zircon, molyb- 
denum disulphide and glass, and 
mica and glass. Applications in- 
clude bearings, spacers, bushings, 
piston rings, inserts, connectors, and 
bases. Finished bearings, semi- 
finished moldings for finish ma- 
chining, or stock material in tub- 
ing and rod forms are furnished. 
Chemical & Power Products Inc., 
11 Broadway, New York 4, N. Y. D 

Circle 661 on Page 19 


Miniature Thermostat 


controls noninductive loads 
to 5 amp at 115 v ac 


Hermetically sealed miniature ther- 
mostat meets aircraft and missile re- 
quirements of extreme sensitivity to 
rapid temperature changes. It con- 
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trols noninductive loads up to 5 amp 
at 115 v ac; for de, a suitable con- 
denser must be connected across 
terminals. Direct metal contact be- 
tween 90-deg mounting bracket and 
thermosensitive element reduces 
heat path. Temperature differential 
is less than 1 F between —100 and 
300 F. Additional features include 
strain-relief construction to prevent 
calibration drifts, and compression 
glass-sealed insulated terminals. 
Thermostat is available either pre- 
calibrated to a specific temperature 
with adjustment screw sealed, or 
with unsealed screw for experimen- 
tal use. Size is 1.3 x 0.594 x 0.375 
in. George Ulanet Co., 413 Market 
St., Newark 5, N. J. D 

Circle 662 on Page 19 


Brake-Clutch 


miniature unit is for 
close-coupled applications 


Pancake PMC-8 miniature electro- 
magnetic brake-clutch is 0.5 in. 
long from servo flange to end of 
cap. It is used for close-coupled 
applications where high perform- 
ance, fast response, reliability, and 


low inertia are desired. Minimum- 
torque clutch or brake of 6 oz-in. 
capacity will not drop a load below 
2.5 oz-in. minimum while switching 
from brake to clutch. Power con- 
sumption is 4.5 w, and response is 
8 millisec. Unit has impregnated 
and encapsulated coils, zero back- 
lash, no slip ring requirement, and 
zero end play. It is vibration, tem- 
perature, and attitudeproof per 
MIL-E-5272A, all procedures. Auto- 
tronics Inc., Dept. 18, Box 208, 


Florissant, Mo. I 
Circle 663 on Page 19 


0-Ring Seals 


for high-temperature 
hydraulic service 


O-ring seals are made from Com- 
pound N-304-7, a synthetic rubber 


There is nothing like Teflon flexible hose 


for tough applications. Now, for the first 


time, you get ‘‘finger flexibility”’ in large, 


diameters up to fourinches with Spring 


field 400"... 


an exclusive new de 


velopment by Titeflex. Short bend 


radius, long lengths, plus ‘‘Zero Motion 


Braid'’+ make Titeflex Springfield ‘‘400”’ 


the big news in Teflon Rose. Write for 


forolanleliciccmmmiancelaaat-helelammem s10liI-)dia 
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material which meets physical and 
functional requirements of MIL-P- 
25732 (ASG). O-rings, available 
in all standard sizes, are suitable 
for temperature range of —65 to 
275 F. Seals are available in MS- 
28775 series for military aircraft 
usage. Parker Seal Co., Div., 
Parker-Hannifin Corp., 17325 Eu- 
clid Ave., Cleveland 12, Ohio. F 

Circle 664 on Page 19 


In-Line Relief Valve 


for pressures to 5000 psi 


New in-line relief valve without 
breaking line is designed primarily 
for high-pressure, high-flow, and 
high-temperature applications. It 
is furnished in pressure ranges up 
to 5000 psi. Adjustment over 
entire range can be made by turn- 
ing external adjusting nuts, with- 
out disconnecting either pressure 





BROOK 
A.C. motors 


are better yet cost you less! 
Under the Brook O.E.M. Plan you get a better motor to power é 


your product or equipment—yet, this superior motor which ranks 
with the best under any acceptable standards, actually 
costs you less than a second rate motor. This saving can be 
passed along to your customer —if you prefer — 
thereby lowering the selling price of your product. 
Everybody benefits! Ask about the BROOK 
O.E.M. PLAN and what other equipment builders Pd 
are doing with Brook Motors. 


ri SINCE 1904 
dt 


lili most respected motors | 


3553 W. PETERSON AVE., CHICAGO 45, ILL. 





METAL PARTS 


Mow go into 
Be Warr POWER SAW 


and attachments 


® This Remet collar reduced part cost 80%. For- 
merly a precision casting in beryllium copper, 
it is now a Remet copper infiltrated pow- 
dered iron part. Advantages led to DeWalt 
specifying 11 different powdered metal parts by Remet. 


® DeWalt now offers greater saw accuracy thru 
maintenance of closer tolerances. 


@ “You can depend on Remet for better service, 
fast delivery,” states A. C. Wedge, V.P., 
Mfg., DeWalt Div., American 
Machine & Foundry Company. 


FREE, NEW BROCHURE “How to Cut Precision Parts Costs with 
the Remet Powdered Metal Process” gives complete information. 


Send for your copy today. 


Gears * Pinions * Cams * Ratchets 
“Oilless” Bearings * Bushings * Ma- 
, chine and Structural Parts in 
, COPPER * BRASS * IRON * ALLOY 
W METAL PRODUCTS CORPORATION STEEL * NICKEL SILVER © COPPER 


537 Howard Ave., Lancaster 11, Penna. INFILTRATED IRON 
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or return line. Unit provides free 
flow in reverse direction. Pilot op- 
eration provides for high flow ca- 
pacity. Entire unit contains only 
one packing, an O-ring which can 
be replaced without taking valve 
out of line. Valve is available 
with either standard 37-deg flare or 
flareless fittings, in accordance with 
MS 33656 or MS 33514, respectively. 
Of stainless-steel construction, it 
has temperature range of — 65 to 
160 F. Use of a special O-ring 
increases range to 400 F. Valve 
is available in tube sizes 8 and 12. 
Republic Mfg. Co., 15655 Brook- 
park Rd., Cleveland 35, Ohio. G 

Circle 665 on Page 19 


Adjustable-Speed Drives 


17 models have ratings 
from 1/20 to % hp 





Motorformer adjustable-speed drives 
provide smooth control from zero 
to maximum rated speed. Conserva- 
tive rating of silicon rectifiers and 
motors assures continuous opera- 
tion at any speed. Entire controlled 
rectifier is contained in a compact 
enclosure designed for either bench 
use or wall mounting. Seventeen 
models have ratings from 1/20 to 
34, hp. Also available is a -hp 
unit with ungeared motor. Servo- 
Tek Products Co., 1086 Goffle Rd., 


Hawthorne, N. J. D 
Circle 666 on Page 19 


Electrical Contact Rivets 


are cold headed from 
silver-cadmium oxide wire 


Designated No. 710, electrical con- 
tact rivets are for heavy-duty ap- 
plications where high electric con- 
ductivity, high resistance to sticking 
and welding, and good resistance 
to arc erosion are required. Advan- 
tages of the cold-headed contacts 
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include uniform dispersion of cad- 
mium oxide throughout _ silver 
matrix, uniform electrical conduc- 
tivity for all parts and batches, and 
uniform ductility. Electrical con- 
ductivity of the material is from 6 
to 12 per cent higher than that of 
oxidized type and about 15 per cent 
higher than conductivity of pressed 
and sintered type. Judson L. Thom- 
son Mfg. Co., Sawyer Road, Wal- 


tham, Mass. B 
Circle 667 on Page 19 


Plastic Laminate 


paper-base material 
is flame retardant 


Fireban 321 is a paper-base plastic 
laminate which has high insulation 
resistance, low dielectric losses, low 
water absorption, good fabricating 
qualities, and is self-extinguishing 
within 3 sec after being set afire. 
Laminate is essentially a grade 
XXXP made with special phenolic 
resin. It is available in sheets of 
approximately 49 x 49 in. and thick- 
nesses from 0.02 to 14 in. thick. 
Color is maroon, and finish is semi- 
gloss. Taylor Fibre Co., Norris- 
town, Pa. E 

Circle 668 on Page 19 


Strain-Relief Bushing 


for SJ wires and 
heavy-duty heater cord 


Model 6S-1 nylon strain-relief bush- 
ing is especially useful with heavy- 
duty heating appliances, portable 
electric tools, and household clean- 
ers. Positive wire grip and nylon in- 
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How to provide electric power 
for ice cream stores. that move! 


Mister Softee mobile ice cream vans are 
as fully electrified as a store with 
utility connections. Ice Cream 
freezers, air conditioner, lights, fans 
. . . even the heater that keeps 
“Hot Fudge” hot are operated by 
electric power. 

The Onan 10KW electric plant 
supplies all current required with 
a generous reserve for future elec- 
trical loads. It is mounted at the 
rear of the truck in an easily acces- 
sible compartment. Onan’s Vacu- 
Flo cooling keeps the compartment 
ventilated . . . delivers all heated 
air to the outside. Over 300 of 
these Mister Softee vans are now 
in operation. 

Where you need electric power 
on mobile units . .. an Onan foes 
plant will provide service with de- 
pendability approaching that of 
the electric utility. 500 to 200,000- 
watt models. Gasoline or, Diesel. 


Onan 10KW, CW Series plant shows simple, 
accessible installation. Two-cylinder, gasoline 
enyine is smooth-running and quiet. 


Need specific information for your particular job? 
Call the Onan distributor listed in your phone book or write direct. 


D. W. ONAN & SONS INC. 





3009 University Ave. S.E, Minneapolis 14, Minnesota 


ELECTRIC PLANTS 


ELECTRIC PLANTS * AIR-COOLED ENGINES * KAB KOOLER + GENERATORS 
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New 
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-for self-lubricating . 
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MORGANITE 


Meryvanite comy 
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tick or gum, 
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1) WE » Long Island City 1, N.Y. 


Manufacturers of Fine Cart 
ind tor Brushes, Carbon 


Distributors of 99.7 
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sulation protect wire from heat, 
vibration, pull, and torque. Spring 
which locks securely into bushing 
prevents sharp right-angle bending, 
excessive wire flexing, and chafing 
at chassis entrance. Unit is hinged 
with flexible nylon web, and is 
easily snapped and locked in chassis 
hole. Heyman Mfg. Co., 100 Mich- 
igan Ave., Kenilworth, N. J. D 

Circle 669 on Page 19 


Panel Meter 


has sensitivity ranges of 
0-5 mu amp to 0-50 amp 


Model 361 panel meter occupies 
panel space of only 314 x 2 in. and 
projects orly 3/16 in. It exposes 
only the indicating area, with re- 
mainder of meter fitting behind 
panel. Dial and window are slant- 
ed for easy reading and can be il- 


luminated through translucent rear 
window. Sensitivity ranges are 0-5 
mu amp to 0-50 amp, and 0-5 mv 
to 0-500 v. Meter slips through rec- 
tangular panel hole and is held in 
nlace by rear screw-on clamps. It 
requires no positioning holes for 
mounting studs. Assembly Products 


Inc., Chesterland, Ohio. F 
Circle 670 on Page 19 


Quick-Release Fastener 


is high-strength, 
lightweight unit 


Two-piece steel quarter-turn panel 
fastener consists of a stud assembly 
and floating receptacle unit. Stud 
is inserted through outer panel, and 
grommet retainer makes stud cap- 
tive. Spring-loaded receptacle is 
attached to inner panel, and stud is 
inserted in receptacle and turned 
one-quarter turn to become locked 
in place. Stud of the _high- 
strength, lightweight unit is auto- 
matically ejected when assembly is 
not positively locked. Diameter of 


| stud assembly is 34 in., and grip 
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with internal teeth 


wien doen intude GIANT INDUSTRIAL GEARS 


diameter, 20” face, 3% DP. Farrel’s 
continuous-tooth herringbone _ 
i 


Specify Farrel for accuracy, high 
quality and fine workmanship. 

For 35 years the company’s Buffalo 
plant has specialized in the produc- 
tion of large gears for various indus- 
trial uses. Here eight of the world’s 
largest gear generators are kept in 
regular use. The precision inherent 
in the operating principle of these 
Farrel-Sykes machines provides accu- 
rate tooth spacing, profile and helix 
angle. 

Farrel internal gears are available 
with single helical or spur teeth in 
sizes up -to 23’ 0” external blank 


come in any size up to 23’ 0” diam- 
eter, 60” face, 3% DP. 

Ask for details of large industrial 
gears to meet your specific require- 


ments. 


FARREL-BIRMINGHAM COMPANY, INC. 
ANSONIA, CONNECTICUT 


Plants: Ansonia and Derby, Conn., Buffalo and 
Rochester, N. Y. ¢ Sales Offices: Ansonia, Buffalo, 
Boston, Akron, Ann Arbor (Mich.), Chicago, Minne- 
apolis, Los Angeles, Salt Lake City, Tulsa, Houston, 
Fayetteville (N.C.) ¢ European Office: Piazza della 
Republica 32, Milano, Italy 


- Birmingham 


FB-1158 ¢ 
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UNITCASTings 
solve 
difficult 
parts 
problem.. 


Foundry Engineering aids product development! 


This steel casting is another example of Unitcast’s ability 
to cope with unusual problems. As the main body of a 
new-type Pulsation Dampener for The National Supply 
Company’s oil field equipment, this casting had many 
tough end-use requirements. Basically, the part had to 
absorb shock, withstand corrosion, and hold hydrostatic 
test pressures up to 8,000 psi. The fewer the components 
in the part, the better the durability. 


The ideal solution, a one-piece steel casting, required 
accurate suspension of a huge core on a minimum 
number of points to produce a horizontal ‘‘tank’’ within 
consistent tolerances. One subsequent finishing problem 
involved economically “‘sealing’’ the core suspension holes 
by a method that would hold up in end use—plus 

pass radiographic inspection! 


Once again, Unitcast foundry engineering has helped 

a customer develop a new product for their well-known 
line. Why not call in Unitcast engineers on your 
product-development problems? Write today! 


UNITCAST CORPORATION, Toledo 9, Ohio 
In Canada; CANADIAN-UNITCAST STEEL, LTD., Sherbrooke, Quebec 





SPECIFICATION 


Unitcast bl 
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range is from 0.15 to | in. Calinoy 
Div., Illinois Tool Works, Haw- 


thorne, Calif. L 
Circle 671 on Page 19 


Centrifugal Clutch 


uses moderate camming 
or locking-in action 


Cam-type centrifugal clutch is de- 
signed for applications with high 
operating speeds or medium pul- 
sating loads. It is suitable for elec- 
tric motors or gasoline-engine ap- 
plications where gradual engage- 
ment is required, or in operations 
starting from high inertia. Unit 
uses a moderate camming or lock- 
ing-in action that permits it to dis- 
engage at approximately the same 
speed with which it engages, with 
or without load. Clutch is avail- 
able in 1 to 30 lb-ft capacities, 
with rpm from 1200 to 3600. OD 


is 414, in., with 7/16 to 1 in. diam 
bore. Clutch can be adapted to 
pulley, sprocket, gear, or coupling- 
type drive, mounted on either driv- 
ing or driven member. Magneto 
Div., Fairbanks, Morse & Co., Be- 
loit, Wis. K 

Circle 672 on Page 19 


Directional-Control Valves 


three models have 
ratings of 12, 20, 40 gpm 


One-spool hydraulic directional- 
control valves with handles, for 
general-purpose applications, have 
maximum working pressure of 2000 
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psi. Three capacities are offered, 
with nominal ratings of 12, 20, and 
40 gpm. Valves provide low pres- 
sure drop and superior metering, 
ensuring smooth starting and stop- 
ping, or stepless control of speed 
in mechanism operated by hydraulic 
system. Integral check valve, ex- 
ternally adjustable, prevents load 
drop when changing spool operating 
positions. Ports are machined for 


SAE straight-thread O-ring connec- 


tions. Parker Hydraulics Div., | 


Parker-Hannifin Corp., 17325 Eu- 
clid Ave., Cleveland 12, Ohio. F 
Circle 673 on Page 19 


Silicon Solar-Cell Modules 


supply 100 w power per 
14 sq ft of cell area 


High-efficiency silicon solar con- 
verter modules are assemblies of 
series and parallel-connected silicon 
solar cells with contact strips that 
assure high conversion efficiency. 
Each module contains five series- 
connected | x 2-cm solar cells em- 
bedded in an epoxy mold that pro- 
vides a rugged, shockproof, weather- 
proof housing. Modules supply 100 
w of power per 14 sq ft of cell area, 
and convert up to 8 per cent of 
radiant energy falling on their sur- 
faces. They can be used in con- 
junction with storage batteries to 
supply continuous power where un- 
attended performance and long life 


cS. 


| 
| 
| 
| 


RUGGED BUILT...PRE- 
CISION FINISHED CHAIN, 
SPROCKETS, COUPLINGS 


Whatever the product you have on the 
drawing boards or the production line if it 
requires extra quality roller chain Atlas 
can supply it. Single or multiple . . . regular 
or heavy. duty . . . standard, extended 
pitch, special attachment or conveyor chain 

. . Steel, electrolized, stainless-steel or 
bronze . . . roller chain, sprockets and 
couplings. 

Atlas makes them all to stand up and last 
longer on any drive. Atlas engineers are 
ready to supply you with the exact type of 
chain for the drive to provide maximum 
operating efficiency. For complete details 
and technical advice write to... 


ATLAS CHAIN & MANUFACTURING CO. 
West Pittston, Pa. 


. 


ROLLER CHAIN ond SPROCKETS - 


DIVISION OF PRUDENTIAL INDUSTRIES, INC. 
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aD 





BREAK-TH 


TECHNOLOGY 


10 to 100 times the wear resistance 
of other dry bearings 


Comparative Thrust Washer! Performance 





Type of Material 


Mean Testing 
Time 


Reason for 
Stopping 





DU Composite 


1000 hrs. 


Completed 
1000 hrs. 





T.F.E. in porous Bronze 


213 hrs. 


005” wear 





Graphite & Lead Bronze 


158 hrs. 


010” wear 





T.F.E. + 25% Graphite 


134 hrs. 


005” wear 





Oil impregnated Bronze 


105 hrs. 


010” wear 





Phenolic :esin + MoS: 


73 hrs. 


005” wear 





T.F.E. + 25% Glass fibre 


48 hrs. 


005” wear 





MoS: Treated Steel 


26 hrs. 


Seizure 





Graphite (bearing grade) 


24 hrs. 


005” wear 





Porous Bronze + MoS: 


17 hrs. 


005” wear 





Asbestos + resin + MoS: 


0.8 hrs. 


.005” wear 





Nylon 





0.3 hrs. 





010” wear 





+ Thrust Washers used for comporotive tests as most indicative of 
true relationship of valves, since clearances do not enter into 


their pertormance. 


*Terton, Du Pont Trademark 
Fivon, 1,C.1, Trademark 


U nited 
S tates 


Gasket Plastics Duition of 
GARLO CK 


Compare performance and 
you will agree that DU— 
the patented steel-backed 
porous-bronze bearing with 
T.F.E.* fluorocarbon resin- 
lead—offers an entirely new 
conception of dry bearing 
service. 


Consider its high compressive 
strength with no cold flow 
(51,000 psi.)—its extremely 
low friction with no slip- 
stick characteristics—its 
equally efficient perform- 
ance at temperatures from 
—328° F to +536° F—its 
resistance to solvents, deter- 
gents, abrasive atmospheres 
—and you will find the 
answer to many difficult 
bearing problems where con- 
ventional lubrication is im- 
practical or undesirable. 


Ask your bearing manufac- 

turer or write for engineering 

brochure to 

SPECIAL PRopucts DEPT. 

United States Gasket Co. 
Camden 1, New Jersey 
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are desired, and can be intercon- 
nected in series-parallel configura- 
tions to supply any desired power 
rating. International Rectifier Corp., 
1521 E. Grand Ave., El Segundo, 
Calif. L 

Circle 674 on Page 19 


Control Valves 
for 20 to 60-psi 


air actuation 


Diaphragm-operated control valves, 
designed for actuation by any 
three-way pilot valve, instrument 
control, cycle controller, or process 
timer, are suitable for use in air, 
oil, or vacuum circuits. They have 
neoprene-covered, synthetic-fabric 
diaphragms for maximum flex- 
ibility, resistance to oil, and high 
bursting strength. Valves are for 


20 to 60 psi air actuation and 15 
psi instrument pressure. They han- 
dle intermittent actuation pressures 
up to 125 psi. Complete range of 
mounting styles is furnished, with 
port sizes from 14 through 1 in. 
NPT. Valvair Corp., 454 Morgan 
Ave., Akron 11, Ohio. F 

Circle 675 on Page 19 


Shaft Seal 


for 1, 54, and 
3/,-in rotating shaft 


Type H_ self-contained, compact 
seal is for use in jet water pumps, 
oil pumps, reduction units, or ap- 
pliances such as washing machines. 
It can be used on any 1, %, or 
3/4,-in. rotating shaft to seal liquids 
that will not attack Buma-N 
flexible parts or brass’ metal 
parts. Face of seal, capable of 
withstanding high face loading and 
heat, is true carbon to prevent 
porosity. Seal can be mounted on 
a shaft from either direction. It 
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operates against pressures up to 75 


psi, and has general operating limi- | 


tation of 212 F with shaft speeds up 
to 1000 fpm. Garlock Packing Co., 


431 Main St., Palmyra, N. Y. F 


Circle 676 on Page 19 


Heavy-Duty Cylinders 
for air and hydraulic service 
have one-piece trunnion 


Designed for all types of air and | 
hydraulic applications, heavy-duty | 





cylinders have pressure ratings of | 


200 psi air and 1000 psi hydraulic. 


Units feature positive adjustment | 


and a one-piece trunnion, support- 
ed and positioned by four threaded 
cylinder tie rods. Trunnion is 
shifted by loosening tie-rod_self- 


locking nuts to permit rotation of | 


rods by solid hex ends. 


Rotation 


provides precise movement of trun- | 


nion to exact location desired. Full- 
diameter, 


full - strength cylinder | 


tube has no weakening cuts or | 
grooves and no distorting clamping | 


pressure. 


range from 1!/, to 8 in., with strokes 
to specifications. 
styles are furnished. S-P Mfg. 
Corp., 30201 Aurora Rd., Solon, 
Ohio. G 

Circle 677 on Page 19 


Quick-Connect Fitting 
has double end shut-off 


Swagelok quick-connect fitting for 
use on pneumatic or hydraulic lines 
has instant-acting seals in both 
parts of unit, preventing loss of any 
pressure from either end of line 
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Nine available bore sizes | 





} 


Five mounting | 





NEW, LOW COST ANSWER TO 


“Over-Relayed’”’ 


i 
Q 





FRAME 219 
RELAYS 


Stock types are DPDT 
on octal plugs; and 
DPDT plus two nor- 
mally-open on 12-pin 
octal plugs. AC or DC 
operating coils. 
Dimensions are 
1K," wide x 2%” 
deep x 25/,” high ex- 
clusive of octal plugs. 


STRUTHERS-DUNN, Inc. 


industrial Controls 


Smaller, requiring less operating power and 
reasonably priced, Struthers-Dunn 219 Frame 
Relays are a big aid to economizing complex 
industrial panels that are often “over-relayed” 
with larger, more costly contactor-type con- 
trol units than are actually needed. 

Accepted standards of insulation include 
spacings of 4%” through air; 4” over surface, 
and .a minimum of 1500 volts AC dielectric 
test. Other features are long life (20 million 
operations ) ; plastic covers for good mechan- 
ical protection and easy servicing with plug-in 
construction. Contacts have 10 ampere cur- 
rent carrying capacity. Plug and socket com- 
binations are the limiting factors on ratings. 

Struthers-Dunn Bulletin 2219 giving full 
details is available on request. 


Pitman, N. J. 


Makers of the world’s largest selection of relay types 


Sales Engineering Offices in: Atlanta - Boston + Buffalo + Chicago + Cincinnati 
Cleveland + Dallas » Dayton + Detroit » Kansas City + Los Angeles » Montreal + New 
Orleans » New York « Pittsburgh + St. Louis + San Francisco + Seattle » Toronto 
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1811 Reading Road 


178 





oj i). 
16 


Qo es il 


gor J ner. 
DISCHARGE 


— 





Pew Oe 
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DESIGN are: hue : 


Designed right, with all the experi- 
ence that has made Ruthman Gusher 
Coolant Pumps the leader in their 
field, Baby Gushers are ideal for ma- 
chines requiring a nominal volume 
of coolant. 











: 7 J 
DOUBLE INTAKE / 





MMPELLER 6055 
T 


ECONOMICAL 
PERFORMANCE 


Your Baby Gusher will give you ex- 
cellent and economical performance 
on your metal cutting equipment. 
Pumps up to 25 gallons per minute 
at 15 foot head. Uses less power when 
throttled—requires no priming. Cool- 10 


2t< ins GALLONS PER MINUTE-—SOLUBLE COOLANT 
ant flow starts instantly. HEAD AND GPM MEASURED AT DISCHARGE 


HEAD IN FEET 





LONG LI 
MODER 


The original cost of your Baby 
Gusher is moderate . . . maintenance 
cost is at an absolute minimum. Pre- 
lubricated ball bearings need no fur- 
ther attention. No packing or seals. 
There are fewer parts to wear. No 
metal to metal contact. 


Model 6-P-3 


IMMERSED TYPE 
You Get All 3 with a 


BABY GUSHER 


Other models of Baby Gusher and Tank Unit available. 


Write for Catalog. 


MACHINERY CO. 











¢ COOLANT PUM?’S 
e CIRCULATORS * AGITATORS 
¢ MOLTEN METAL PUMPS 


Cincinnati, Ohio 
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when fitting is disconnected. Flow 
is resumed instantly when male and 
female units are again connected. 
Finger-tip pull or push action is re- 
quired for connection, and vacuum- 
tight pressure seal is assured when 
connection is made. Fitting is de- 


signed for use with portable equip- 
ment and bulkhead or panel appli- 
cations. It is available in steel, stain- 
less steel, and brass, in sizes for 
14, through 3% in. OD tube. Craw- 
ford Fitting Co., 884 E. 140th St., 
Cleveland 10, Ohio. G 

Circle 678 on Page 19 


Electric Motors 


sleeve-bearing units 
use NEMA frames 180 and 210 


Type G dripproof, electric sleeve- 
bearing motors are recommended 
where quiet operation is desirable, 
such as in fan drives for heating, 
ventilating, and _ air-conditioning 
equipment, and for polishing and 
finishing machines, where vibration 
must be kept to a minimum. Units 
are available in NEMA frame series 
180 and 210. Standard motor rat- 
ings range from 14 to 714 hp. Allis- 
Chalmers Mfg. Co., Milwaukee 1, 
Wis. K 

Circle 679 on Page 19 


Tubular Heating Element 


in ratings from 500 to 
2000 w at 115 v 


Tubular heating element is suitable 
for applications such as heat guns, 
hair dryers, space heaters, hot-food 
venders, photo-print dryers, and 
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for strength, 
corrosion 
resistance 
and safety... 


ithad 


This window washer anchor is fabricated from Carpenter Stainless No. 4-A (Type 304) for use with 
window hardware on skyscrapers in large cities. Men attach their safety belts to these anchors 
while washing the windows. Stainless is used for maximum corrosion resistance and strength in 
atmospheric conditions. In fabrication, the forging bars must flow freely without tendency to 
rupture. Since switching to Carpenter, the forging shop has reduced rejections because of the 
cleaner, defect-free surfaces. The Carpenter representative near you can supply close metallurgical 
cooperation and complete technical data on your stainless requirements. The Carpenter Steel 
Company, 120 W. Bern Street, Reading, Pa. 


oe poe 


la rpenier: || 


P| 
The Carpenter Steel Company 
Main Office and Mills, Reading, Pa. 
Alloy Tube Division, Union, N. J. 
Webb Wire Division, New Brunswick, N. J. 
Carpenter Steel of New England, Inc., Bridgeport, Conn. 
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TOWNSEND 
VERSA-LOCKBOLT 
provides greater 
Fastening Economy— 
Efficiency ... 


4 Wider grip range 
made possible by 


extra locking grooves. 


4 Even light material 
can be fastened with 


new washer-collar. 


The new Townsend Versa-Lockbolt* is an im- 
proved, yet more economical type. Design changes 
have increased the grip range of the fasteners and 
made it feasible to use them in relatively oversized 
holes. They are more economical to manufacture 
and the savings are passed on to you. 

The high tensile pre-load values and positive 
locking action which have made lockbolted joints 
absolutely vibration-proof in the past are also pro- 
vided by the Versa-Lockbolts. The new flanged 
integral washer-collars make Versa-Lockbolts 
especially suitable for fastening even light gage 
materials. 

The wider grip ranges provided by additional 
locking grooves in the Versa-Lockbolt permit a re- 
duction in the sizes stocked, reducing inventory 
costs and increasing production line flexibility. In- 
stallation inspection is reduced, since hole sizes are 
less critical. These savings, plus the lower cost of 
the fasteners made Versa-Lockbolts a truly eco- 
nomical method of vibration-proof fastening. 


For full information, write Townsend Company, 
P. O. Box 237-E, New Brighton, Pa. 


*Licensed under Huck patents RE 22,792; 2,114,493; 2,527,307; 2,531,048; 2,531,049 and 2,754,703 


Townsend 


COMPANY «+ ESTABLISHED 1816 


Sales Offices in Principal Cities 
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other products where air is to be 
heated while flowing through a tube 
or nozzle. Unit shown is for use 
in an electric hand dryer. Heating 
element is threaded through circu- 
lar-shaped grooves on inside of a 
Steatite tube, providing for an un- 
obstructed flow of air and high in- 
crease in heating efficiency. Low 
moisture absorption of tube reduces 
current leakage. Unit, which can 
be controlled thermostatically, is 
furnished in ratings from 500 to 
2000 w at 115 v, and can also be 
furnished to operate on 220-v cur- 
rent. Tuttle Electric Products Inc., 


Kirkland, Ill. J 
Circle 680 on Page 19 


Switching Transistors 


are germanium units 


in PNP and NPN types 


Eight additional germanium al- 
loyed junction switching transistors 
are available in both PNP and 
NPN types. PNP types are desig- 














nated 2N311, 2N404, 2N426, 
2N427, and 2N428; NPN types are 
2N312, 2N439, and 2N440. All 
units are packaged in Jetec 30 
cases. General Transistor Corp., 
91-27 138th Place, Jamaica 35, 

D 


wy. i. 
Circle 681 on Page 19 


Control Valve 
has threaded exhaust ports 


Sliding-seal control valve has 1/4- 
in. NPT ports and is available in 
two, three, and four-way types with 
levers for hand (left) and mechani- 
cal actuation (right). Equipped 
with threaded exhaust ports, valve 
is suited for operating single or 
double-acting cylinders with 3-in. 
diam bore. Flow capacity is 55 
cfpm to accommodate larger cylin- 
ders. Exhaust air is piped to a 
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Shining example of “extra” chain quality 


IWER-BRITE 
SHOT-PEENED ROLLERS 


EXTRA LIFE IS POUNDED IN 
AND NOT POLISHED OUT 


Rollers for Link-Belt precision steel 
roller chain are now finished by a 
special burnishing process to a 
“Silver-Brite” luster! And this is 
accomplished without grinding away 
the benefits imparted by shot-peen- 
ing—a Link-Belt process that cold 
works the metal and provides extra 
fatigue life. 


& 


Many more special Link-Belt 
“extras” contribute to the dynamic 
strength so important for today’s 
heavy loads and high speeds: close 
heat-treat control lock-type 
bushings . . . pitch hole preparation 
. . . pre-stressing. 

Ask your Link-Belt office or au- 
thorized stock-carrying distributor 
for new 154-page Catalog 2657— 
the most complete roller chain data 
book ever compiled. 


BELT 


ROLLER CHAINS & SPROCKETS 


LINK-BELT COMPANY: Executive Offices, Prudential Plaza, Chicago 1. To Serve Industry There 
Are Link-Belt Plants, Sales Offices, Stock Carrying Factory Branch Stores and Distributors in 
All Principal Cities. Export Office, New York 7; Australia, Marrickville (Sydney); Brazil, Sao 
Paulo; Canada, Scarboro (Toronto 13); South Africa, Springs. Representatives Throughout 

‘ the World. 14,976 
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“APPLICATION 
ENGINEERING” 


... 1S part of our business 


If your problem is incorporating a com- 
pressed air or vacuum system in the machinery 
you are designing, Ingersoll-Rand can be of 
help. 


Ingersoll-Rand, the world’s largest manufac- 
turer of compressors, has a complete line of 
small air-cooled compressors and vacuum 
pumps that range from 1/, through 20 horse- 
power and are ideally suited for building in- 
to your product. 


Why not call in an Ingersoll-Rand specialist, 
and let him help you with your compressed 
ait or vacuum problem. Call your nearest I-R 
branch office or write for complete literature. 


An automatic vacuum plastic 
forming machine in which a 
7, hp Ingersoll-Rand air- 
cooled vacuum pump has be- 
come an integral part. 


Ingersoll-Rand 


3-809 11 Broadway, New York 4, N.Y. 
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neutral point, eliminating air blasts 
and noises. A. Schrader’s Son, Div., 
Scovill Mfg. Co., 470 Vanderbilt 
Ave., Brooklyn, N. Y. C 

Circle 682 on Page 19 


Cap Screws and Nuts 


have tensile strength 
of 186,820 psi 


Bowmalloy cap screws and nuts are 


produced from double heat-treated 
alloy steel. Screws have tensile 
strength of 186,820 psi, exceeding 


| CAA bolt tensile-strength require- 


ments. Screw also has new head 


| design which has 20 per cent high- 


er strength than SAE specifications, 
eliminating head damage caused by 
wrench slippage. Bowman Prod- 
ucts Co., 850 East 72nd St., Cleve- 
land, Ohio. G 

Circle 683 on Page 19 


Subminiature Accelerometer 


4-oz unit incorporates 
potentiometer pickoff 


Designated LA29-0100, subminia- 
ture accelerometer has a | in. diam 
and is less than 1!/ in. long. It is 
suitable for precision inertial sensing 
in minimum space. Unit employs 
an integral weight and dry-gas 
damper combination. It is avail- 
able in a variety of acceleration 
ranges and potentiometer character- 
istics to fit various requirements. 
The hermetically sealed, dry-gas- 
filled unit contains no plastic or 
other material affected by high 
temperatures. Temperature range 
is from —75 to 200 F, and satisfac- 
tory performance is obtained at 
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temperatures to 400 F. Accelerom- 
eter, which weighs approximately 
4 oz, resists severe vibration and 
shock. Humphrey Inc., 2805 Canon 
St., San Diego 6, Calif. L 

Circle 684 on Page 19 


Miniature Lamp Indicators 


replaceable units have 
current-limiting resistors 


1DH E-Lite replaceable lamp indi- 
cators are available with either neon 
or incandescent lamps, and incor- 
porate current-limiting __ resistors. 
They are also furnished without re- 
sistors. Lenses may be plain or 
fluted, round or flat, wide or nar- 
row, and come in several colors. 
Case diameter is 3 in., and case is 


r 
bh 


aluminum, black-anodized to MIL- 
A-8625 (ASG) for corrosion resist- 
ance. Lights are for use in com- 
puters, data-processing machines, 
automated control systems, instru- 
ment panels, and other electrical 
or electronic equipment requiring 
front-panel indication o: readout. 
Eldema Corp., El Monte, Calif. L 

Circle 685 on Page 19 


Motor Alternator 


two-bearing, 3600-rpm unit 
is rated at 1500 w 


Motor alternator, designed for a 
closely regulated 115-v, 60-cycle, 
single-phase output of 1500 w, with 
dc input to motor varying over a 
wide voltage range, is suitable for 
operation in extremely dusty loca- 
tions. It is a two-bearing, 3600- 
rpm unit, totally enclosed and fan 
cooled, and includes inherent regu- 
lation. Both frequency and voltage 
of output are controlled within very 
narrow limits, regardless of wide 
variations in input voltage, load, 
and temperature. Output voltage 
is held within +5 per cent of rated 
value, and frequency is held to 
+214 per cent. Unit is designed 
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MODEL GS 


CLUTCH 


NEW HIGH TORQUES — 
SAME SMALL SIZES 


Sets new standards of reliability 
and maintenance 
convenience 


Min, Diameter 41/2 in. 
Max. Diameter 91/4 in. 
Min. Depth - - 31 in. 
Max. Depth - - - 6in. 


NEW Torque Ranges — 
Dry — 12 to 1260 lb ft; Wet (oil) — 16 to 1140 lb ft. 
(former ratings from 9 to 540 |b ft.) 


NEW Stearns Friction Discs — 


provide long, trouble-free life — greater resistance to heat and pressure 

. . seldom need adjustment for wear. Type “GS” friction discs can be 
replaced, or adjusted quickly and easily with just a screwdriver as your 
tool kit . . . for lowest-cost-per-year operation . . . specify Stearns! 


¢ Check — Compare these additional $avings features: 
@ Stationary Magnet Body — simpli- pletely assembled, tested, ready 
fies installation. No thrust loads on for installation. 
shafts or machine elements. All @ Duplexed Bearings—conservative- 
clamping forces are self-contained. ly loaded, sealed, prelubricated... 
@ Plug-in Electrical Connections — assures longer, trouble-free life. 
No slip-rings, no brushes to install © Versatile Control — can be elec- 
or maintain. trically energized by virtually any 
@ Shipped Fully Assembled — you type switching device of adequate 
receive units from Stearns com- capacity. 


Call your local Stearns Representative, or write direct for complete “GS” data. 


Sita. [4a tend -lletete)-1-10)-7 bale)," 
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DUCTILITY 


A CASE IN POINT-—This ninety-six pound casting was made for the 
National Cash Register Co. of Nodulite®, Hamilton Foundry’s ductile iron. 
The casting forms the base for the new Post-Tronic Accounting Machine. 
It measures 3742” by 2312” with sections varying from %4” to 142”. Ductile 
iron was chosen for this part because of its ductility, dimensional stability, 
rigidity, and machinability. 

Ductile iron has most of the engineering advantages of steel yet it can 
be designed with the same flexibility and cast with the same procedures 
used for gray iron. It has high strength: up to 120,000 psi minimum ten- 
sile strength in standard grades. It is tough: Charpy impact strengths up 
to 115 ft.-lbs. in standard grades. It is ductile: elongation is possible up to 
25% after short time annealing. And it is wear resistant: spheroidal graphite 
particles provide for self-lubrication. Hamilton Foundry regularly casts 
60-45-10, 80-60-03, 100-70-03, anc 120-90-02 grades of ductile iron 
as well as high alloy Ductile Ni-Resist. 

When new and unusual design problems arise in the selection of metal 
and the casting of parts, you will find that the skill and integrity of your 
foundry is your best insurance that specifications—and delivery schedules 
~will be met. 


GRAY IRON * ALLOYED IRON MEEHANITE @ * DUCTILE (NODULAR) IRON * NI-RESIST * DUCTILE NI-RESIST * NI-HARD 


The Hamilton Foundry & Machine Co., 1551 Lincoln Ave., Hamilton, Ohio ¢ TW 5-7491 
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for applications on apparatus where 
de only is available, and where a 
source of 115-v, single-phase, 60- 
cycle power is necessary to operate 
communications, television, or stat- 
ic-type control devices. Driving 
motors are supplied for nominal 
supply voltages of 250 or 120. 
Safety Industries Inc., P. O. Box 
904, New Haven, Conn. B 

Circle 686 on Page 19 


Relief Valve 


for high temperatures 
and pressures 


Pressure-relief valve, which weighs 
only 0.04 lb (3/16-in. line size), 
handles pressures to 1000 psi at 
temperatures to 1800 F. Designed 
for rocket application, valve is used 
in gas-generator combustion cham- 


bers. It is adaptable to pressure-re- 
lief applications elsewhere in auxil- 
iary power or main propulsion sys- 
tems. Aero Supply Mfg. Co., Corry, 
Pa. F 
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Mercury-Wetted Contact Relay 


for high-speed, sensitive 
switching devices 


Type HGS mercury-wetted contact 
relay is always biased with per- 
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“production- 
proved’ 
design pays off - 
4-WAYS 


“HL 


5602 PIKE ROAD ° 


manufacturers of: high- and low-pressure hydraulic cylinders 
duty air cylinders ° adjustable-stroke cylinders ° 
cylinders ¢* intensifiers ° single-acting cylinders * booster cylinders 
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HYDRO-LINE 
CY L i N D E R S ( ) Series N (heavy-duty hydraulic, industry 


ROCKFORD, ILLINOIS 


heavy- 
dispensing City State 


There’s only one place for a cylinder to 
prove itself —on the job — and Hydro-Line’s 
“Production-Proved” design Series R2 
cylinders are doing just that. 

In air operation up to 200 psi or hydraulic 
applications in the 500-2500 psi range, 

they outperform the best of the rest! 


Economical use of quality materials 
coupled with sound basic design give you 
these advantages: 


1 Long, trouble-free life. 

2 Peak operating efficiency. 
3 Low maintenance costs. 
4 Simplified installation. 


You get all these qualities in 
a complete line of standard 
cylinders. Cylinders for more 
than 90% of applications 

are available for immediate 
shipment from factory stocks, 
permitting minimum cylinder 
inventories without jeopardizing 
production. Also, even on 
small orders Hydro-Line offers 
discounts on stock “R2” and 
“N” cylinders. 


Only a few of the advantages of the 

new Hydro-Line Series R2 are shown. But — 
you can get more facts by filling in the 
coupon below or contacting the Hydro-Line 
sales engineer near you. Ask to see the 

Series R2 demonstrator for a close-up look 

at a truly efficient design. 


act now! 


Please send me additional 
} data on the classes of 
Hydro-Line cylinders checked below, including 
complete information on deliveries from fac- 
tory stocks: 
( ) Series R2 (heavy-duty air, medium-duty 
hydraulic, industry standard) 


standard) 
{ ) Series $2 (automotive industry automa- 


tion standards) 
Name and Title 
Company 











HYDRO-LINE MANUFACTURING COMPANY 
5602 PIKE ROAD ROCKFORD, ILLINOIS 
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SUPER-D-HYDRATOR 


More than 400 of these centrifuges are 
now in service, with a combined daily 
capacity in excess of 1,600,000 cubic feet. 


“Wear parts” made from KENNAMETAL 
help keep production high, downtime low 


Against (NH4)2S0,4 


KENNAMETAL components 
last 2 to 6 times longer... 


On Unloader Knives: When processing 
corrosive Ammonium Sulfate (Coke 
Plant), the best life of any material 
tried for unloader knives on this crystal 
dehydrator was less than three months.+ 
With Synthetic Ammonium Sulfate, 
the knives lasted little more than a 
month. By changing to knives made 
from Kennametal hard tungsten car- 
bide, service life has been increased to 
twelve months or more with Coke Plant 
Sulfate, and up to four months with 
Synthetic Sulfate. 


On Distributor Tips: With sulfates of 
either kind, Kennametal Distributor 
Tips in the feed assembly last up to 
eight months—double the life of any 


*Trademark 
+Based on an average daily through- 
put of 100-150 tons. 


other alloys tried. Kennametal parts 
cost less in terms of longer life, in- 
creased production, and less downtime. 

Chances are Kennametal can help 
you solve a problem involving corro- 
sion, abrasion, erosion, or contamina- 
tion. The Kennametal “family” of hard 
carbides includes grades three times as 
rigid as steel . . . grades that last up to 
60 times as long as steel . . . grades that 
retain high strength at 2200°F and 
above or at subzero temperatures, 

Let us tell you more about Kenna- 
metal and how it has helped others 
solve problems that may be similar to 
yours. Write to KENNAMETAL, INC., 
Dept. MD, Latrobe, Pennsylvania. 


3126 


INDUSTRY AN 


> Keyhaneva 
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manent magnets which are adjust- 
able for single-side stable or bistable 
operation. Designed for high-speed 
switching devices, unit has operat- 
ing speeds up to 200 cps or more. 
Sensitivity is as low as +2.5 mw 
for a bistable adjustment, and as 
low as 5 mw for a single-side-stable 
adjustment. Contact rating is 2 
amp, 500 v, with limit of 100 va. 
C. P. Clare & Co., 3101 Pratt Blvd., 


Chicago 45, IIl. I 
Circle 688 on Page 19 


Servomotor Gearhead 


miniature unit adapts easily 
to Size 8 motor 


No. 760GH servomotor gearhead is 
a clamp-equipped miniature unit 
which adapts instantly to Size 8 
motors. Double-lipped clamp im- 
parts rigidity to over-all assembly 
and provides uniform clamping 


RATIO 
f MODEL 
» SERIAL 8 


pressure which will not cause warp- 
age or other uneven strains. In- 
ternal post-type construction has 
been eliminated, which also serves 
to increase rigidity and improve vi- 
bration and shock resistance. Ac- 
curacy and permanency of compo- 
nent alignment are increased with 
new construction. Bowmar Instru- 
ment Corp., 8000 Bluffton Rd., Ft. 
Wayne, Ind. J 


Tantalum Capacitor 


is shock and 
vibration resistant 


Type PP tantalum capacitor is for 
a wide range of electronic equip- 
ment requiring electrolytic capaci- 
tors with high capacity ratings and 
extremely small physical size. Anode 
base support provides excellent re- 
sistance to shock and _ vibration, 
qualifying unit for service under ex- 
treme environmental conditions. 
Capacitor is electrically stable in 
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Wanted: Engineers 


Like to break into an interesting 
field where you'll make good use 
of your engineering talents — yet 
have a chance to develop new skills? 


We're looking for several men 
with engineering experience and a 
yearning to write or edit. As an 
editor on Macuine Desicn, you 
would broaden your engineering 
background in a job that provides 
stimulating contact with people in 
many engineering areas. 


You don’t have to have actual 
writing or editing job experience, 
although we expect definite ability 
in handling the English language. 
An ME or EE degree plus several 
years of design-engineering experi- 
ence would be ideal, but we'll be 
happy to consider equivalent quali- 
fications. 


If you’ve worked in a design- 
engineering specialty area, we'd like 
to hear about it. We're interested 


with an interest in writing 


in any job experience or training in: 


® Mechanical drives, controls, systems 

@ Mechanical components, assemblies 

® Electrical or electronic drives, con- 
trols, systems 

@ Hydraulic or pneumatic systems, 
drives, controls 

® Materials and finishes selection or 
specification 

@ Design for manufacture or produc- 
tion design 


Our headquarters are in Cleve- 
land. There is opportunity for 
travel to engineering meetings, ex- 
positions, and manufacturing com- 
panies. Salary will depend on your 
background and experience. 


If you are interested, send a re- 
sume of your engineering back- 
ground, and any evidence you may 
have of writing ability (we'll re- 
turn this if you wish) to: Editor, 
Macuine Desicn, Penton Bldg, 
Cleveland 13, Ohio. 





BLOOD BROTHERS 


Universal Joints 


OFFERED BY ROCKWELL-STANDARD IN SIZES 
FOR ALMOST ANY PRODUCT APPLICATION 











SAVE ENGINEERING TIME! 


Here at Rockwell-Standard, you can select from a wide, wide range of Blood 
Brothers Universal Joints and complete drive assemblies. Torque capacities 
range from 350 to 500,000 inch-lbs.—lengths from very close-coupled indus- 
trial joints to assemblies 120 inches overall. 


You can be confident they are produced in a modern, centrally located plant, 
tooled for precision manufacturing. And you can rely on their high reputation 
for dependability. 

When you need universal joints and drive lines, you can save valuable engi- 
neering time too—by stating your problem to our engineers. They're coopera- 
tive, friendly and experienced. Just write or call. 


ROCKWELL-STANDARD CORPORATION 
ROCKWELL 


Blood Brothers Universal Joints 


STANDARD ALLEGAN, MICHIGAN 
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WRITE FOR 
BULLETIN 557 


and for your 
convenience in 
specifying, request 
our free Blank 
Form ‘Specification 
Sheets". 


UNIVERSAL JOINTS 
AND DRIVE LINE 
ASSEMBLIES 


MACHINE DESIGN 
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temperatures from —55 to 85 C, 
and exhibits excellent frequency sta- 
bility and negligible electrical leak- 
age. Fansteel Metallurgical Corp., 
Dept. MDC, North Chicago, Ill. J 

Circle 689 on Page 19 


Trimming Potentiometer 


has internally positioned 
wiper contact 


Comp-U-Trim Model E wire-wound 
linear trimming potentiometer fea- 
tures a completely encapsulated 
unit, zero end resistance, one-piece 
aluminum housing, positive end Large 15 ampere contacts elimi- 
stops, large winding area, and in- nate additional load relays. 
ternally positioned wiper contact. Stop down time with plug-in com- 
Designed to operate at | w at tem- ponents for fast timer replacement. 
peratures to 125 C, unit can be 
mounted singly or stacked. Measur- Flyb 
ing 5/16 x 14 x 14 in., potentiom- , 
, Easy to set dial whether short or 
long timing. 
Choice of 9 actions available for 
each of 3 contacts. 
Select operation required for your 
circuit. 


@ Set dial to exact time required. 
No guessing at numbers. 


@ Accurate repeatability insures uni- 
form production. 

ance values from 10 to 30,000 ohms | 

with temperature coefficient of 20 Rabiabi 

parts per million. Eastern Precision 

Resistor Corp., 675 Barbey St., @ Proven reliability in thousands of 


Brooklyn 7, N. Y. D industrial processes for more than 
Circle 690 on Page 19 25 years. 


eter is available in standard resist- 


Install timer in seconds with op- 
tional plug-in feature. 


eeeee eevee eeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee 


Gear-Case Oil Gages PEETETECTTESIT TOTES TT TTT 


, EAGLE SIGNAL CORPORATION 
screw-mounted units ba industrial Timers Division, Dept. MD-159 


have plastic sight MOLINE, ILLINOIS 
Please send FREE Bulletin 110 containing 


Screw-mounted gear-case oil gages complete data on Microfiex Reset Timers. 
permit instant check of oil level 

within transmissions or gear cases. oo sina ; NAME AND TITLE 

Standard line includes five sizes 
with sight diameters from % to 
2 in. Plastic sight is available with ADDRESS 
permanent markings or graduations 
to suit individual applications. Sight 








COMPANY 








city ZONE STATE 
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v¥ You supply 
the problem— 


¥ Lovejoy will furnish 
the solution 


v¥ ...saving you 
time and money 
in the bargain 


Here's how... 


a> Lovejoy sends you full informa- 
tion on the types of variable speed 
pulleys and transmissions available 
... along with a guide sheet to 
help you supply us with pertinent 
information on the type you need 
and the service you require. 





2) Depending on your require- 
ments, Lovejoy rushes recommen- 
dations, blue prints, suggested 
solutions to problems... or, if you 
desire, will send a representative 
to give you first-hand assistance. 
For standard or relatively simple 
applications, cost quotations can 
be furnished immediately. 





@ Speed ratios: up to 10 to 1 
® Horsepowers: fractional to15 
@ Constant belt alignment 


@ Instant speed changes while 
equipment is running 

®@ Easily installed on new or old 
equipment. 


TYPICAL EXAMPLES: 


Type 160 Pulley and No. 200 Tilting Motor 
Base proved the right combination for a 
mailing machine. 


Proper drive for a slat bed rip saw is 
provided by a Type 302 Pulley. 


Type 135 Pulley meets all requirements on 
a vibrating machine. 


This Lovejoy “double” solved a grading 
machine problem —Type 145 Pulley and 
No. 2 Select-O-Speed. 


Put Lovejoy's exclusive individualized service to 


work for you: a complete line of variable speed 


pulleys and transmissions plus personalized engi- 


neering guidance to assure full satisfaction. Send 


for Catalog P58 and Form 118F today. 


4818 W. LAKE ST. 


° CHICAGO 44, ILL. 
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is backed with cadmium-plated re- 
flector which clearly reflects oil lev- 
el, even in dim light. Mounting 
flange is fitted with oiltight gasket. 
Gits Bros. Mfg. Co., 1866 S. Kil- 
bourn Ave., Chicago 23, IIl. I 

Circle 691 on Page 19 


0-Ring Compound 


for rings used with 
Skydol 500 and 7000 


Compound 9078D has low compres- 
sion set and resistance to swelling 
or deterioration. An extraordinar- 
ily tough material, it is for O-rings 
to be used with Skydol 500 and Sky- 
dol 7000. Compound also gives ex- 
cellent service with any of the phos- 
phate ester safety hydraulic fluids. 
Precision Rubber Products Co., 
3113 Oakridge Ave., Dayton 17, 
Ohio. G 

Circle 692 on Page 19 


Diaphragm Valves 


are leakproof and 
corrosion resistant 


New valves permit maximum prod- 
uct flow within minimum of agita- 
tion, at temperatures to 210 F and 
pressures up to 150 psi. The leak- 
proof, corrosion-resistant units are 
available in 1, 144, and 2-in. OD 
tube sizes with sanitary threaded or 


Tri-Clamp ends. All contact parts 
of the valves are Type 316 stainless 
steel. Valve has replaceable neo- 
prene diaphragm. Tri-Clover Div., 
Ladish Co., Kenosha, Wis. K 

Circle 693 on Page 19 
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... performance 
beyond the 
usual... 








Design of high-speed precision 
machinery often calls for bearings 
which offer the utmost in load ca- 
pacity, “hot hardness”, dimensional 
stability. Each machine presents its 
own exacting requirements. 

Fulfillment of unusual requirement 
combinations is a specialty at Roll- 
way. Your selection of exactly the 
right precision radial cylindrical 
roller bearing is assured by: 

@ A broad range of types and sizes, 


ROLLWAY numbered in the thousands 


© Retainers of standard bronze or 


“Rollube” ferrous alloy, in roller- 
riding, land-riding, or broached 
construction 


@ Crowned rollers 


BEARINGS @ Modification of any factor to meet 
your application 





To further implement your choice, the Rollway 
Catalog and Engineering Data Book contains the 
first listing, by any manufacturer, of the thrust 
capacities of cylindrical radial roller bearings. 


ROLLWAY BEARING CO.., Inc., Syracuse 1, N. Y. 


: $ 
Maximum 


ROLLER BEARINGS 


ENGINEERING OFFICES 


Syracuse ¢ Boston « Chicago 
Detroit « Pittsburgh « Seattle 
Cleveland « San Francisco 
Houston e Los Angeles 
Philadelphia e« Toronto 
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Gives the property advantages 
of nylon, PLUS... improved 
mechanical characteristics: 


e Greater Rigidity—higher modulus of 
elasticity, less deformation under load. 


e Higher Heat Distortion Tempera- 
tures—distortion temperatures 70% 
higher than nylon 101. 


e Lower Thermal Expansion—coeffi- 
cient approximately 60% of nylon 101. 


e Low Surface Friction—can be used 
without lubrication. 


e High Wear and Abrasion Resistance 
—can outlast, outperform metal. 


NYLATRON GS, a molybdenum di- 
sulphide filled nylon*, is formulated to 
expand the field for nylon parts such 
as bearings, bushings, liners or other 
wear parts. Its superior mechanical 
and thermal characteristics coupled 
with the chemical and electrical prop- 
erties of nylon result in a material with 
proven advantages. It is produced 
under controlled manufacturing stand- 
ards to assure the ultimate in uniform- 
ity, quality and reliability. 


Stock shapes of NYLATRON GS in- 
clude rod, strip, tubing, tubular bar 


*Patents applied for 


THE POLYMER CORPORATION OF PENNA. 


Reading, Pennsylvania 


NYLATRON GS wear strips provide ex- 
cellent wear cushion between metal bottling 
chain end conveyor stands. Due to inherent 
wear resistance and low surface friction, 
NYLATRON outwears metal strip while 
reducing wear on chain and stand. 


and plate in all standard sizes—for 
rapid; low-cost fabrication on standard 
metalworking tools. In addition, it is 
available in powder form for molding. 


Polymer can also supply stock shapes 
of all commercial nylons on request. 


Write today for detailed information 
about NYLATRON GS—or other 
nylon formulations to meet your spe- 
cific requirements. 


‘POLYPENCO 


id 


Export: POLYPENCO, INC., Reading, Pa., U.S.A. 


POLYPENCO Nylon, POLYPENCO Teflont, NYLAFLOW® and NYLATRON® GS _ tou pont trapemark 
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ENGINEERING 
DEPARTMENT 


EQUIPMENT 


Caliper Beam Compass 


combines four tools 
in one unit 


Caliper beam compass can be used 
as a caliper, beam compass, scale, 
and divider. Dimensions can be 
set and marked to _ thousandths. 
Unit has an adjustable scale and 


spring-loaded cursor to facilitate ad- 
justment. Vernier scale is stamped 
into adjustable cursor. Anodized 
aluminum beam section is 9/32 x 
9/16 in. Compass has metal in- 
serts at all wear points, and is avail- 
able in any length from 5 to 36 in. 
in increments of | in. Ferance Con- 


struction Co., Penfield, N. Y. N 
Circle 695 on Page 19 


Automatic Copying Machine 


electrically operated unit 
is completely portable 


Genco Porta-Fax automatic copying 
machine handles sheets up to 9!/ 
in. wide of any length, and repro- 
duces from all colors and ball-point 
pen. The self-contained unit auto- 
matically exposes, processes, and 
prints sharp copies at the rate of 60 
to 90 per hr. Electrically operated, 
the unit is completely portable, 
weighing 18 lb and measuring 18 x 
6 x 10 in. Machine operates on 115 
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The nylon collared Ele 
never 
damages bolt threads! 


The nylon locking insert gS will not seize threads, gall or remove plating 


The red nylon locking collar is an integral part of an 
Elastic Stop nut. Undersize in diameter in relation to 
standard bolt tolerances, this insert grips the entering 
bolt threads with strong, smooth nylon fingers that 
dampen impact loads and resist turning under the most 
severe conditions of vibration or shock. The perfect fit 
between bolt threads and the locking collar also serves 
to seal off internal bolt and nut threads and to protect 
them against corrosion. Furthermore the nylon insert is 
impervious to gasolines, oils, salt atmospheres, cleaning 
compounds and common acids. The remarkable wear 
resistance of nylon plus its elastic recovery makes Elastic 
Stop nuts reusable through more than a hundred on and 
off cycles. 


ELASTIC STOP NUT CORPORATION 
OF AMERICA 


also maker of the a W 


RADEMARK 


*The Red Locking Collar is a 
Registered Trademark of ESNA 
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Because an Elastic Stop nut is a one-piece unit it is 
less expensive to install than castellated nuts and cotter 
pins, or double nuts. Equally important, it is a stop nut 
that locks at any position on the bolt without requiring 
secondary “safety” devices; it is simple to adjust pre- 
cisely—it is easily wrenched off or readjusted. Elastic 
Stop nuts have been used by American industry since 
1930 to solve the toughest applications on railroad, 
automotive, earth moving and farm equipment, as well 
as on all types of electrical machinery. 

Elastic Stop nuts are available in sizes ranging from a 
watchmaker’s 0-80 through 3”, and in many standard 
finishes and materials including carbon and stainless 
steels, brass, duronze and aluminum. 


Elastic Stop Nut Corporation of America 
Dept. N27-14, 2330 Vauxhall Road, Union, N. J. 


Please send me the following free fastening informat:on: 
( ELASTIC STOP C) Here is o drawing of our product. What 


1 
| 
i 
| 
| nut bulletin self-locking fastener would you suggest? 
! 
| Ee 

| Company 

Street 

I TE ees 
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AVAILABLE FROM LOCAL STOCK 
FOOTE 


LIFETIME GEARING * 


Output Speeds: 10 to 160 RPM 
Capacities: 1/4 to 30 HP 


Output Speeds: 
10 to 135 RPM 
Capacities: 

1 to 7 HP 


Foote Bros. Shaft Mounted Drives offer more effi- 
cient, more economical, power transmission. They 
incorporate exclusive Duti-Ratéd Lifetime Gear- 
ing — the high hardness, balanced design, premium 
quality gearing that combines greater load carry- 
ing capacity with long service life. 


Used with standard V-Belts and Sheaves, Foote 
Bros. Shaft Mounted Drives will provide virtually 
any output speed you may require. Quick, easy 
installation on driven shafts with diameters from 
15/16” to 3-7/16” saves time, labor . . . eliminates 
need for reducer mounting, couplings, and adjust- 
able motor mount. Built-in Backstop to prevent re- 
verse rotation, Automatic Overload Release Torque 
Arm, Variable Pulley, are available as optional 
equipment. 


The complete Foote Bros. Shaft Mounted Drive line 
is made in accordance with all applicable AGMA 
Standards 


Write for NEW SHAFT MOUNTED DRIVE CATALOG 


‘ “a 4) 
fase COTESBROS 
SERVING INDUSTRY 
\UJ\U/ 1859-1959 —O . 
Beller Power Thartbmission Thiough Beller Gears 
FOOTE BROS. GEAR AND MACHINE CORPORATION 


4567 SOUTH WESTERN BOULEVARD * CHICAGO 9, ILLINOIS 
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v ac under all normal light con- 
ditions, including fluorescent and 
incandescent lighting, or in day- 
light. Copies are clean-cut, opaque 
black on pure white, and two copies 
can be produced from one negative. 
Machine can be used for one or two- 
sided copies on single or duplex pa- 
per. General Photo Products Co. 
Inc., General Photo Bldg., Chatham, 
N. J. D 
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Lettering Set 


three guides have letters 
ly, 3/16, and 4 in. high 


them 





1234:567%90 : 
ABGCBEHIKUING. PRSTUVKYZ 
ail, Se Nae 


No. 940 Hi-Lo letter set consists of 
three lettering guides, each contain- 
ing both upper and lower case slant 
letters and numerals. Three sizes of 
letters are 14, 3/16, and 1/, in. high. 
Designed to facilitate equal-spaced 
lettering, set is 0.030-in. double- 
cured, mathematical-quality plastic. 
Size of each template is 7 x 2! in. 
Rapidesign Inc., P. O. Box 429, 
Burbank, Calif. L 
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Co-ordinate Drawing Machine 


produces dimensionally 
accurate drawings 


Aristo Co-ordinatograph increases 
precision, neatness, and speed of 
drawing. Templates can be plotted 
readily, and measurements of exist- 
ing drawings can be checked for 
conformity. Plotting mechanisms for 
x and y directions glide on ball 
bearings. Plotting precision is + 
0.0012 in. Drawing surface consists 
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of a glass plate with a translucent 
cover mounted on heavy, torsion- 
free frame, and can be leveled with 
adjusting screws of trestle legs. Ta- 
ble can be lighted electrically from 
below. Interchangeable drafting ac- 
cessories are available. Unitech 
Corp., 50 Colfax Ave., Clifton, N. J. 
D 
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Multicam Timer Kit 


provides 96 time cycles 
from 40 sec to 18 hr 


Basic construction kit provides all 
parts required for assembly of four 
multicam timers with 3, 6, 9, and 
12 switches. Parts include four 
heavy-duty synchronous motors 
and 24 gear racks, providing 96 
time cycles from 40 sec to 18 hr. 
Other parts are: 3, 6, 9, and 12- 
switch chassis; 30 switch assemblies, 
mounting brackets, and actuating 
levers; 30 adjustable cams; six 
etched blank cams; six main cam- 
shafts; tool kit. Industrial Timer 
Corp., 1407 McCarter Highway, 
Newark 4, N. J. C 
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Power Supplies 


unregulated units provide 
ac and dc outputs 


Variable-output, unregulated power 
supplies, designated RC-Nobatron 
Rangers, consist essentially of a vari- 
able autotransformer, rectifier, and 





this 
lens 
magnifies 
Sales 


There's a mass-market 
price tag on this new 
Realist 620 color slide projector 
Easy to see why: Realist used 
a low-cost aspheric lens by 
WE: Talor- h-) 4-1 den (0) @- W ) d1 240) 4-1 ae-y-1 1-1 ol ional a -a) 
F 
Want lower unit costs for your 


fo] cole l0 loa eam m=) am - Lalor--3¢-1 mel -s-1)-40 me dal 
glass and plastic components 
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A) 


ancaster 


glass and plastics 
to brighten, your) product's future 


~L1}\\\ 


filter circuit. They provide both dc 

and ac outputs, and have low inter- 

nal impedance as a result of con- 

servatively rated components. Mod- 

els are available to supply dc 

voltages from 0 to 36 and 0 to 150 

v, each with 0 to 130 v ac. Either 

36 or 150-v models are availabte in 

maximum dc power ratings of ap- 

proximately 500 or 1000 w. Sorensen 

& Co. Inc., Richards Avenue, South é 

Norwalk, Conn. B Ta 
Circle 700 on Page 19 a 


> LANCASTER GLASS CORPORATION, 
LANCASTER 2, OHIO 
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Model 3040 Oil-less Air Pump. Up to 20” vacuum, 
up to 10 p.s.i. pressure. Capacity to 24 c.f.m. 





Provide oil-free air blast 
with any of the carbon-vane 


GAST ° 2? AIR PUMPS 


Need a pump that delivers absolutely o//-free com- 
pressed air? A Gast Oil-less Air Pump may be your 
answer! Built in seven different models — vacuum or 
pressure — these pumps* run entirely without oil in 
the pumping chamber. 


Four carbon vanes lubricate themselves. Ball bearings 
Model 0240, 0440, 0740 are grease-sealed for life and separated from pumping 
Series Oil-less Air Pumps. chamber by a ventilated space. Air flow can’t be con- 


Three displacements, taminated with hot oil vapor. 
from 1.9 to 5.6 ¢.f.m. 
Vac. to 15”, pressure to You can forget oiling maintenance problems too! 


10 pst, Simple construction delivers up to 15,000 hours’ oper- 
dials. ation without attention, depending on r.p.m. and 
service conditions. This is a big advantage, especially 
when your product requires a compressor or vacuum 
pump mounted in a hard-to-service location. 


Widely used on food-packaging, paper-handling, 
folding and laboratory machines. 


Saecakatener ay Write for full details — request Bulletins 152A 
Up to 1.3 c.f.m. Motor and VP-356. GAST MANUFACTURING CORP., 
Y, h.p. Wt. only 22 Ibs. P.O. Box 117-P Benton Harbor, Michigan. 
Smaller Model 0406 Oil- 

less has '/)> h.p. *Standard oil-lubricated models also available. 


SEE CATALOG IN SWEET'S PRODUCT DESIGN FILE 


@ AiR MOTORS TO 7 H.P. 

© COMPRESSORS TO 30 P.S.I. 

® VACUUM PUMPS TO 28 IN. 
“Air may be your answer!” 
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Professional 
Viewpoints 


... engineers and advertising... 


To the Editor: 

Design engineers and advertising 
men, although often at odds with 
each other, share an interdepend- 
ence, solve their problems in much 
the same manner, and, profession- 
ally, are interested in the same 
things: A product, and the need 
for advertising and sales effort. 
These two commodities are, of 
course, interdependent. The engi- 
neer works from established fact 
and theory; the advertising man 
plans his advertising based on es- 
tablished market conditions and 
sales plans and uses established fact 
and theory in the field of com- 
munications to make his message 
effective. The engineer is interest- 
ed in designing a better »roduct 
than competition; the advertising 
man is interested in what makes 











the product better than competition, 
and why. 


The Design Engineer 
Can Improve Advertising 


It’s a fact that at least a portion 
of the advertising man’s job is de- 
pendent upon information from the 
engineer who designed the product. 
The design engineer, however, 
works from information outside the 
knowledge and experience—if not 
the interest—of the ad man. 

Thus, the design engineer be- 
comes an important member of the 
advertising team. He is the creator 
of the product. He knows more 
about it than anyone else. And, the 
first requirement in advertising is: 
Know the product. 

In supplying information to the 
advertising man (the “word” engi- 
neer), the design engineer finds a 
new responsibility—supplying facts 
which the advertising department 
can use effectively in promoting the 
sale of the product. Here are six 
ways the design engineer can help 
assure effective advertising: 

1. Include the advertising man 
in product-planning conferences. 
Call him into planning conferences. 
Make him a working member of 
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Another Tinnerman Original... 


Tinnerman Push-On SPEED NUTS 
fasten with a “bite” that can’t shake loose 


In a split-second, this low-cost Tinnerman Push-On 
SpeED Nut arches its spring-steel back, then bites 
hard to make a positive attachment on unthreaded 
studs, rivets, tubing, nails, jewels, small housings. 


Application is easy—finger pressure starts it; a 
push with a simple hand tool locks it under live 
spring tension. No threads to worry about, no spot 
welding, no riveting, no special inserts, bushings 
or washers necessary. Elimination of extra parts 
and assembly operations may save you up to 50% 
or more in fastening costs. 


Push-On Speep Nuts lock on everything from 
thermoplastics to die-cast, chrome-plated steel. 
Hundreds of variations to fit any shape or size stud 
—from very small diameters to larger rectangular 
shapes. Some Push-Ons have “caps” that cover 
exposed shaft, axle or stud ends. 


Check Sweet’s Product Design File, section 8-T. 
Or look under “Fasteners” in the Yellow Pages and 
call your Tinnerman representative for complete 
information and samples. Or write to: 


TINN ERMAN PRODUCTS, INC. 
Dept.12 +» P.O. Box 6688 + Cleveland 1, Ohio 





r 


TINNERMAN 


FASTEST THING IN FASTENINGS® 











CANADA: Dominion Fasteners Ltd, Hamilton, Ontarie. GREAT BRITAIN: Simmonds Aerecessories Ltd, Treforest, Wales. FRANCE: Simmonds S.A, 3 rue Salomon de Rothschild, Suresnes (Seine). GERMANY: Mecace-Bundy Gaubll, Heidelberg, 
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put #¥E/NZE in your designs 
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NEW... 
BLOWER- 
HEATERS 


warming 
and 


drying 


Heinze new Blower-Heater 
Combination Units are ideal for 
warming and drying in such 
applications as hot food vending 
machines, photographic dryers, 
food warmers. Blower is de- 
signed for continuous operation. 
Heater can be thermostatically 
controlled through separate 
terminals. 


Motor operates on 110 V, 60 
cycles. Type DS delivers 55 cfm 
(free air) at 3000 rpm. Type 
YSS delivers 50 cfm (free air) at 
1500 rpm. Heaters are available 
from 200 to 1000 watts, single 
phase. Coiled wire heating ele- 
ment is well insulated to protect 
outer wall. Choice of mountings 
includes outlet or inlet, flat 
strap, or “L’’ shaped brackets. 


Send coupon for 
complete technical data, 


ELECTRIC COMPANY 


685 Lawrence St., Lowell, Mass. 


Sub-Fractional Horsepower Motors and Blowers 


HEINZE ELECTRIC COMPANY 
685 Lawrence Street, Lowell, Mass. 


Please send me literature and price informa- 
tion on Heinze Blower-Heater Combination 
Units. 

Name & Title... cesivccscccvcccccsevcese ° 


Company 


Street & No 





| “newsy.” 


| the product. 
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the team. Since he’ll have to know 
the market, product, etc., before he 
can do an intelligent advertising 
job, get him “wrapped up” in the 
product during early product plan- 
ning. Encourage him to contribute 
whenever possible. You may be 
surprised how much he_ knows 
about engineering, marketing, sales, 
manufacturing, and customer serv- 
ice problems. He’s in continual 
contact with these groups and may 
have worthwhile contributions. 


2. Put yourself in the salesman’s 
shoes. While designing the prod- 
uct, put yourself in the salesman’s 
shoes. Consider the problems he’ll 
be faced with in selling your prod- 
uct against stiff competition. Im- 
prove the product wherever pos- 
sible, within the bounds of sound 
engineering practice, to give the 
salesman and the advertising man 


| substantial customer benefits to dis- 

| cuss in selling your product. A 
“ bb] * . 

| “customer benefit” headline in an 

| advertisement, as compared with a 

“brag and boast” headline, will av- 


erage close to 65 per cent better in 


| “reader impact score.” 


3. Tell the advertising man what’s 
News information about 
the product, service, or company 


| can be very rewarding in getting 
| the sales story across to the reader. 
| Advertisements 


using the “news” 
approach, generally, fare about 20 


| per cent better in getting the mes- 
| sage across than all other advertis- 
| ing approaches. 


This is especially 
true when the news concerns a new 


| product, or news about an estab- 


lished product. Your tips concern- 
ing product news may also lead to 
fruitful news releases, special fea- 
tures, or signed articles for trade 
publications. 


4. Tell him about the product. 


| To prepare advertising and sales | 
| promotion materials, the advertis- | 
| ing man must first know just about | 
| everything you know concerning | 
Don’t hold back any | 
| information no matter how insig- | 
nificant you may consider it to be. | 
| It may turn out to be exactly what | 
| he needs. In any event, it is much | 
| easier to cut material than it is to | 
| stretch it, and your advertising man | 
| is trained in the art of sorting out 


Here are some of the facts 


What the prod- 


facts. 





Will your new products 
stand the sales test? 


Many products using Monarch Ex- 
ploratory-Engineered Castings are 
among the nation’s sales leaders. 
Today's competitive markets demand 
new features. 


This is another area where Monarch 
gives valuable assistance to custom- 
ers. Monarch Exploratory-Engineer- 
ing has created many sales-sparking 
casting performances and eye-catch- 
ing finishes. Write today. We will be 
happy to show you specifics. 


Engineered-for-sales aluminum per- 
manent mold castings, aluminum 
and zinc die-castings. 


ACHIEVEMENTS 
ALUMINUM 


MANUFACTURING 
in MOLTEN 


MONARCH ALUMINUM MFG. COMPANY 


9205 Detroit Avenue Cleveland 2, Ohio 
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uct is, what it does, and why it does 
it better. Give case histories, testi- 
monials, test data, component in- 
formation, etc. Explain how it 
works; how easy it is to operate, in- 
stall, service and maintain; details 
of construction, operating charac- 
teristics, ratings, weights, dimen- 
sions, applications, etc. 


5. Tell him about competitive 
models. Competition in industry is 
keen, and your advertising man can 
do a better job if you supply him 
with all the facts available to you 
concerning the competitor’s prod- 
uct. If possible, chart the impor- 
tant features of the product for par- 
ticular industries and compare your 
product with competitive designs in 
this framework. 


6. Be explicit in your statements 
concerning the product. One of the 
biggest problems of advertising men 
is obtaining explicit facts which 
have punch when they’re put in ad- 
vertising materials. Most engineers 
qualify their statements to a point 
where they have little value. Give 
your advertising department, with- 
in the bounds of truth, every bit of 
ammunition that will help your 
company cxtsell competition. 

The design engineer and the ad- 
vertising man may seem to be 
strange companions, but their dif- 
ferent talents can be combined with 
profitable results. 

—WiLuiAM ALLEN TERNENT 
General Electric Co. 
Western Springs, IIl. 


... optimum-strength fits... 


Post-publication correspondence regard- 
ing the Data Sheet “Interference Fits” 
(Macuine Desicn, October 30, 1958) in- 
cluded this bit of information from the 
author: 


“It seems odd that the problem 
has not been mentioned previously 
in works of machine design, but 
I have not seen it nor have I met 
anyone who has. You might be in- 
terested in the odd way the problem 
came to my attention. 

“My boys and I are building a 
steam engine for a wood-fired steam- 
boat. We are building the engine 
from an Oldsmobile V-8 engine. 
The middle four cylinders, and that 
portion of the crankshaft, have the 
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GO@0GOGO 


TAKE-OFF 


Provides 


THESE EXGLUSIVE ADVANTAGES 


Designed to meet the needs of Oil Field and other rugged 
service—this ROCKFORD Extra Heavy-Duty POWER TAKE-OFF 
Eliminates the Pilot Bearing 
Release and Main Bearings are lubricated for one year 
Main Bearings are 40,000 hour type 
Handles 5,000 pound Belt Loads 
Out-Board Bearings and Flexible Couplings eliminated 
Furnished with Single or Double Plate, Organic or Morlife® 
faced Gear tooth Type Clutches 
Insure longer work life and reduce down-time with this NEW 
extra heavy-duty ROCKFORD POWER TAKE-OFF. 


SEND FOR THIS HANDY BULLETIN 
Shows typical installations of ROCKFORD 
CLUTCHES and POWER TAKE-OFFS. Contains 
diagrams of unique applications. Furnishes 
capacity tables, dimensions and complete 
specifications. 


ROCKFORD Clutch Division BORG-WARNER 


311 Catherine St., Rockford, lil., U.S.A, — 
Export Sales Borg-Warner International — 36 So. Wabash, Chicago 3, Ill. 


Oil or Dry 
Multiple Dise 


BORG-WARNER 


GB00CE60G 
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Model “SFD” Flange 
Mounted Reducer 


NEW DOUBLE REDUCTION 
HOLLOW SHAFT worm gear 
speed 
GU 


a 


Model “STD” Torque Arm Reducer 


@ THE COMPLETE range of reduction ratios — 
6624: 1 to 4466: 1. 
@ THE COMPLETE output selection — .04 to 
2.55 HP. Torques from 1473 to 
7678 in. Ibs. 
@ SHAFT-MOUNTED ease of installation. Real space economy. 
No foundations required. 
@ THE SAME RUGGED DURABILITY and smooth, efficient operation 
for which Winsmith worm gear speed reducers 
have long been famous. 


@ THIS COMPLETE selection in choice of several assemblies. 


WRITE TODAY for details on this new line which 
combines all the advantages of hollow 
shaft installation with worm 


gear, double reduction | 


ratios engineered and 


| 


precision-manufactured | 


for you by Winsmith. 


WINSMITH, INC. 


16 Elton Street, Springville, (Erie County), N.Y. 
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proper relations for a self-starting 
steam engine. The two cylinders 
on each end were sawed off with a 
hand hack saw. The crankshaft 
had its ends cut off. This made it 
necessary to put stubs in both ends 
of the crankshaft for the flywheel 
and drive and for the valve eccen- 
trics. In discussing our plans it oc- 
curred to me that we should make 
a shrink fit of optimum strength 
for the stubs, and it was in this con- 
nection that I tried the problem. 
“IT hope you will not be let down 
by the article’s humble beginnings.” 
—Frank R. ARCHIBALD 
Arthur D. Little Inc 
Cambridge, Mass. 


Editor’s note: We’re not, for its “humble 
beginnings” apparently did not detract 
from the article’s usefulness. Over 800 
requests for additional copies have been 


filled —Ep. 


..- ideas... 


To the Editor: 

To the best of my knowledge. 
your article about adjustable fluid- 
flow from a fixed-stroke piston pump 
in “Scanning the Field For Ideas” 
(MacuineE Desicn, June 26, 1958) 
is certainly not a new idea; it was 
developed in Germany in 1924. 
Franz Lang of Munich, Germany, 
invented it and sold the patent to 
the Robert Bosch Co. of Stuttgart. 
This principle has been used in the 
Bosch injection pumps throughout 
the world for many years. Perhaps 
it is one of the few things the Rus- 
sians have not claimed to have in- 
vented. 

—James V. Brapy 
St. Paul, Minn. 


Editor’s note: This seems a good time to 
remind our readers of the purpose of 
“Scanning the Field for Ideas.” This sec- 
tion was started in our first issue to present 
clever ideas that might have interest and 
value for readers in many branches of in- 
dustry. The editors who write “Scanning” 
draw these ideas from many sources. In 
the case mentioned, Caterpillar did not 
contribute the material on the fixed-stroke 
piston pump. 

The criterion is always potential use- 
fulness across the entire design-engineer- 
ing spectrum. While ideas adapted from 
specialized fields may not be brand new, 
the apparent age of this one should have 
disqualified it—Ep. 
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FASTENING SPECIALTIES BY Netional 


Get more dependable holding 


power for better product assembly with these 
National SPECIALTY FASTENERS! 
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Lok-Thred® Bolts, Studs, Screws—Seal 
and lock against involuntary loosening... 
Lok-Thred re-forms the metal of the receiving 
thread under high compressive stresses into 
intimate contact with itself, eliminating all 
voids. Yet, it’s fully re-usable. Requires no 
selective fits. Can be used with ordinary tools. 
Available in all sizes of bolts, studs, screws... 
No. 6 or larger. 


Welding Fasteners and Weldnuts—Provide 
trouble-free assembly of fabricated metal 
parts... Use National welding fasteners when 
primary fasteners must be cleanly welded into 
exact position. National’s complete line of 
projection welding screws and nuts is available 
In stock sizes, for optimum welds in materials 
-030 to 14” thick. We will develop special 
designs for you. 





Spin-Lock® Fasteners—Give you strength 
at low cost, with self-locking, ratchet-tooth 
action . . . Spin-Lock machine and tapping 
screws har'e angled teeth to permit fast, easy 
tightening. They require about 20% greater 
torque to loosen. Available in pan, truss, flat 
and hex heads; slotted or Phillips recessed 
heads; No. 4 to 34” diameters, lengths from 
twice diameter and up. 


Flex-Head® Locking Screws—Self-locking, 
highly resistant to fatigue, shock, impact... 
Tight locking results from flexing of the head 
and axial spring tension produced when fully 
torqued against a rigid seat. Flex-Head screws 
are identical in dimension, and interchangeable 
with standard machine screws. Made of 1022 
steel and heat-treated for top strength. 





Thread Cutting Screws—For joining metals 
or plastics without tapping ... Use wherever 
it is desirable to remove rather than displace 
thread material. Four types: 1, 23, 25, and F 
cover most applications. Phillips or slotted 
heads, all styles, all sizes. Also type A and B 
tapping screws for fastening light sheet steel or 
light gauges of other metals. 


Tuff-Tite® Cushioned Fasteners—Seal 
openings, eliminate vibration noises, ab- 
sorb shock... Pre-assembled neoprene wash- 
ers also prevent finish marring! Available as 
tapping screws, thread cutting screws, machine 
screws, roofing bolts, stove bolts, or wood 
screws; with Phillips or slotted heads; pan, 
round, truss or hex head styles. 





Lock Nuts—Three types, fo meet every 
requirement... 1. Huglock, for locking with- 
out seating and under adverse conditions. 
2. Marsden, free-running until seated . . . for 
minimum-cost locking. 3. Drake, a two-piece 
design for use under severe stresses, shock, 
vibration. All types are all-metal, fully re-usable 
without loss of positive locking action. 





Place® Bolts—Self-locking...resist impact, 
shock and fatigue failure by controlled 
spring action of reinforced, diaphragm 
head... Place bolts resist involuntary loosening 
when rigidly seated. Typical uses: connecting 
rod bolts, main bearing cap screws, flywheel 
bolts. Available in high carbon or alloy steel, 
in a wide range of sizes. 


Save yourself time and trouble in searching for the right fastener. Make National your one source for 
standards, specialties and special designs. Our standard line includes all types and sizes . . . nuts, cap 
and set screws, machine bolts, carriage, step and elevator bolts, plow bolts; Phillips recessed head, or 
slotted, Sems, machine screws, wood screws; stove bolts, pipe plugs, cotter pins and rivets. 

National can supply any nonstandard fastener, or design and produce specials for you. Write for 
National’s Special Products booklet, or for information on the fastening specialty that interests you. 


THE NATIONAL SCREW & MFG. CO. © CLEVELAND 4, OHIO 


Pacific Coast: National Screw & Mfg. Co. of Cal. © 3423 South Garfield Ave., Los Angeles 22, Cal. 


Fasteners f, fa Hodell Chains 
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NOW, A STANDARD LINE OF 


DUFF-NORTON WORM GEAR JACKS 


The economies of standardized production now can be realized by 
machinery designers who use Duff-Norton worm gear jacks for accurate 
positioning of loads weighing as much as several hundred tons. After 
25 years of experience and hundreds of custom designs, Duff-Norton 
engineers have produced a standard line of eight jacks ranging from 2 to 
100 tons in capacity which will meet almost any requirements. When 
jacks are used in an arrangement, added economy can be realized in 
raising unevenly distributed loads, since all models now have a uniform 
raise which permits jacks of varying capacities to operate in unison. 

Worm gear jacks are purely mechanical devices, and they can hold 
heavy loads in position indefinitely without any creep. Functioning as 
components of machinery or equipment, they can raise or lower loads, 
apply pressure or resist impact. Worm gear jacks can be furnished with 
raises up to 24 inches, and they will provide exactly the same raise for 
years without adjustment. 

Thousands of these jacks are in use on feeding tables, tube mills, 
welding positioners, pipe cut-off and threading machines, testing equip- 
ment, aircraft jigs, loading platforms, rolling mills, conveyor lines, 
and numerous other types of equipment. If you have a positioning 
problem, write for complete information, requesting Bulletin AD-66-V, 
which includes drawings and full specifications. 


DUFF-NORTON COMPANY 


P.O. Box 1889 « Pittsburgh 3O, Pennsylvania 
COFFING HOIST DIVISION °: Danville, Illinois 


COFFING HOISTS 
Ratchet Lever 
Hand Chain * Electric 


DUFF-NORTON JACKS 
Ratchet * Screw 
Hydraulic * Worm Gear 


DUFF-NORTON 
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Library 


Recent Books 


Laminated Plastics. By D. J. Duffin; 
254 pages, 5 by 7% in., clothbound; pub- 
lished by Reinhold Publishing Corp., 430 
Park Ave., New York 22, N. Y.; available 
from Macuine Desicn; $5.75 per copy 
postpaid. 


This book surveys the chemistry, 
properties, manufacturing methods, 
and applications of low and high- 
pressure laminates. Though not 
true laminates, vulcanized fiber and 
laminated films are also discussed. 


Marks’ Mechanical Engineers’ Hand- 
book, Sixth Edition. Edited by Theodore 
Baumeister; 2270 pages, 6 by 9 in., cloth- 
bound; published by McGraw-Hill Book 
Co. Inc., 330 West 42nd St., New York 
36, N. Y.; available from Macuine De- 
sIGN; $23.50 per copy postpaid. 


Retaining its past features of in- 
dexing and cross referencing, this 
edition has been modernized in all 
sections with no increase in over-all 
size of the completed volume. New 
additions or major changes are evi- 
denced in such subject areas as 
computing machines, nuclear pow- 
er, instruments, controls, aerody- 
namics, jet propulsion, and strength 
of materials. 

Latest developments and think- 
ing are also presented in sections 
on lubricants and lubrication, struc- 
tural building design, welding, vi- 
bration, turbocompressors, gas tur- 
bines, displacement pumps, corro- 
sion, pipe and fittings, aircraft pro- 
pellers, automobiles, steam boilers, 
and railway engineering. 


A Compendium of Mathematics and 
Physics. By Dorothy S. Meyler and O. G. 
Sutton; 384 pages, 5! by 81% in., cloth- 
bound; published by and available from 
D. Van Nostrand Co. Inc., 120 Alexander 
St., Princeton, N. J.; $5.00 per copy. 


This reference book of theorems 
and formulas tells under what con- 
ditions they hold and how to apply 
them. The fundamentals of mathe- 
matics and physics are summarized 


MacHIneE DesIGN 
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Buna N/Nylon Reevecote lasts twice as long 
at elevated temperatures—with no added costs! 


When it comes to taking the heat, you just can't 
put regular diaphragm material in the same class 
with this new development from the Reeves-Vulcan 
laboratories. 

Over the past two years, extensive tests compared 
the performance of the new Heat-Resistant line 
with standard coated fabrics. The tests proved 
conclusively that the new Reevecote line provided 
up to 100% improvement in resistance to stiffening 
and cracking. The new fabric has improved resist- 
ance to oils, solvents and gas condensates. 

The new Reevecote Heat-Resistant line is now avail- 
able in twelve different combinations of gauges 
and tensile strengths. For all your requirements, 
you can be sure if you specify Reevecote, the one 
complete source of engineered industrial coated 
fabrics. For specifications on the complete Reeve- 
cote line, write for free catalog — no obligation. 


Another 


ULCAN 


RUBBER PRODUCT 
REEVES BROTHERS, INC. 
1071 Avenue of the Americas * New York 18, N. Y. 
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RAGINE- 


Racine-Seco hydraulic circuit 
components are the result of years 
of experience in engineering and 
development. Shown here are 
representative types of a complete 
line of quality-designed, quality- 
built dependable control valve 
equipment that will efficiently per- 
form their specific function in 
today’s modern hydraulic circuit 
design. _ 


i 
DIRECTIONAL CONTROL VALVES 


Mechanical, manual, pilot and 
electrical operation available in 
2 way and 4 way valves — foot 
and panel mounting. Sizes !/4” 


to 2” — 1500-2000-3000 PSI. 


i 


VOLUME wile VALVES 
For maintaining constantly -me- 
tered flow regardless of pres- 
sure fluctuations in either the 
inlet or outlet ports of the valve. 
Capacities from 5 cu, in./min. 
to 60 gpm. Sizes 4" to 11/44” 


1,P.S. 
x 4 fener 


wT 
PRESSURE CONTROL VALVES 

Precision control of pressures 
up to 10,000 PSI. Complete 
line includes Relief, Unload- 
ing, Sequence, Counter Bal: 
ance, Reducing and Resistance 
Valves. Capacities up to 
60 gpm. 


All RACINE-SECO Hydraulic Control Valves 
are designed to conform to J.1.C. specifica- 
tions. Write for complete descriptive Cato- 
log 59-A 

RACINE 


“SECO | sacs HYDRAULICS & 


- CHINERY, INC. 
boy mpcuns RACINE, WISCONSIN 


Source — One Responsibility 
FOR ‘ALL YOUR HYDRAULIC NEEDS 
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briefly in each subject area. How- 
ever, no proofs are given. Latest 
accepted values for basic physical 
constants are given only to the de- 
gree of accuracy required for routine 
laboratory work. 


Reliable Electrical Connections. 286 
pages, 6 by 9 in., clothbound; published 
by and available from Engineering Pub- 
lishers, GPO Box 1151, New York 1, 
N. Y.; $7.75 per copy. 


The 32 complete and illustrated 
papers presented at the third Elec- 
tronic Industries Association 1958 
conference cover various kinds of 
electrical connections used in elec- 
tronic and power equipment. Fixed, 
disconnect, sliding, soldered, welded 
(including ultrasonic), _ pressure, 
and Wire-Wrap connections are 
discussed with relation to printed 
circuit and other applications, re- 
liability, quality control, environ- 
mental evaluation, and _specifica- 
tions. 


Government Publications 


Wright = Air 
Technical 
is 814 by 
stapled; 
Office of 
Dept. 
Dp, <. 


Development Center 
Reports. Each publication 
1034 in., paperbound, and 
copies are available from 
Technical Services, U. S. 
of Commerce, Washington 25, 


The following report is available: 

PB 151145. Effect of Prior Creep 
on Mechanical Properties of Air- 
craft Structural Metals: Part 3— 
C110M Titanium Alloy. By J. V. 
Gluck, H. R. Voorhees, and J. W. 
Freeman; 96 pages; $2.25 per copy. 


NASA Technical Series. Publications 
are 8 by 10% in., paperbound; available 
from Division of Research Information, 
National Aeronautics and Space Admin- 
istration, 1520 H St. N.W., Washing- 
ton 25, D. C. 


The following reports are avail- 
able: 

TN 4379. Torque-Speed Char- 
acteristics for High-Specific-Work 
Turbines. By Warner L. Stewart; 21 
pages. 

TN 4403. Tests of Ring-Stif- 
fened Circular Cylinders Subjected 
to a Transverse Shear Load. By 
James P. Peterson and Richard G. 
Updegraff; 12 pages 








Call Chromalox 


for the man with the 
ELECTRICAL ANSWERS 
to your heating problems 


ATLANTA 9, GA. 
Applebee-Church, Inc. 
1389 Peachtree St., N.E. 
Trinity 5-7244 


wey tty PA. 
J. V. Calhoun Company 
349 ‘Won mery Ave. 
Mohawk an 
Greenwood 3-44 


BALTIMORE 18, MD. 
Paul V. Renoff Company 
333 East 25th St. 
Hopkins 7-3280 


BINGHAMTON, N. Y. 
R. P. Smith Co., Inc 
94 Henry St. 

Phone 4-7703 


BLOOMFIELD, N. J. 
R. L. Faber & Assoc., Inc. 
1248 Broad St. 
Edison 8-6900 
New York: Worth 4-2990 


BOSTON 11, MASS. 
Leo C. Pelkus & Co., Inc. 
683 Atlantic Ave. 
Liberty 2-1941 


BUFFALO 2, N. Y. 
Niagara Electric Sales Co. 
505 Delaware Ave. 
Summer 4000 


CHARLOTTE 2, N. C. 
Ranson, Wallace & Co. 
E. Fourth St. 


Franklin 5-1044 


yg he mye TENN. 
Miles & Associates 
P $ Box 172 
Amherst 5-3862 


CHICAGO 5, ILL. 
Fred |. Tourtelot Company 
407 S. Dearborn St. 
Harrison 7-5464 


CINCINNATI & OHIO 
The Smysor Company 
1046 Delta Ave. 
Trinity 1-0605 


CLEARWATER, FLA. 
J. J. Galleher 
617-A Cleveland St. 
P. 0. Box 1376 
Phone 3-7706 


CLEVELAND 13, OHIO 
Anderson-Bolds, Inc. 
2012 W. 25th St. 
Prospect 1-7112 


DALLAS 26, TEX. 
L. R. Ward Company 
3009 Canton St. 
Riverside 1-9004 


DAVENPORT, IOWA 
Voice Company 
215 Kahl Building 
Phone: 6-5233 


DENVER 2, COLO. 
E. & M. Equipment Co. 
2415 Fifteenth St. 
Glendale 5-3651 
Genesee 3-0821 


DES MOINES 14, OWA 
Midwest Equipment Co. 
of lowa 

842 Fifth Ave. 

Cherry 3-1203 


DETROIT 38, MICH. 
Carman Adams, Inc. 


15760 James Couzens Hy. 


University 3-9100 


HOUSTON 3, TEX. 
L. R. Ward Company 
3605 Polk Ave. 
Capitol 5-0356 


INDIANAPOLIS 8, IND. 


Couchman-Conant, Inc. 
1400 N. Illinois St. 
Station A, P. 0. Box 
Melrose 5-5313 


KANSAS CITY 6, MO. 
Fraser D. Moore Co. 
ies E. 14th St. 


LOS ANGELES 15, CAL. 
Montgomery Brothers 
1053 . Olive St. 
Richmond 7-9401 


MIDDLETOWN, CONN. 
Dittman and Greer, Inc. 
33 Pleasant St. 
Diamond 6-9606 


MILWAUKEE 3, WIS. 
Gordon Hatch Co., Inc. 
531 W. Wisconsin Ave. 
Broadway 1-3021 


MINNEAPOLIS 4, MINN. 
Volco Company 
831 S. Sixth St. 
Federal 6-3373 


NASHVILLE 4, TENN. 
H. R. Miles and Associates 
2500-B Franklin Rd. 
Cypress 2-7016 


NEW YORK CITY, N. Y. 
See “Bloomfield, N. J.”" 


OMAHA 2, NEB. 
Midwest Equipment Co. 
1614 Izard St. 

Atlantic 7600 


PHILADELPHIA, PA. 
See “Bala-Cynwyd, Pa.” 


PITTSBURGH 6, PA. 
Woessner-McKnight Co. 
1310 Highland Building 
115 S. fan Ave. 
Emerson 1-2900 


PORTLAND 9, ORE. 
ae, Brothers 
johnson St. 
Capitol 3-4197 


ryt - 
0. M. Thom 
Westhampton S Station 
P. 0. Box 8762 
Atlantic 8-8758 


ROCHESTER 4, N. Y. 
Niagara Electric Sales Co. 
133 Clinton Ave. S. 
Hamilton 6-2070 


ST. LOUIS 1, MO. 
C. B. Fall Company 
317 N. 11th St. 


Suite 1001 

Chestnut 1-2433 
SAN FRANCISCO 3, CALIF. 
pny md Brothers 


1122 Howard St. 
Underhill 1-3527 


SEATTLE 4, WASH. 
Mont paey Brothers 
911 Western Ave. 

Main 4-7297 


SYRACUSE 6, N. Y. 
R. P. Smith Co., Inc. 
2507 James St. 
Howard 3-2748 


WICHITA 2, KAN. 
Fraser D. Moore 
Room 211 Derby Building 
352 N. Broadway 
Amherst 2-5647 


CH R (om. mW am em 4 
Hla. Steat 


STRIAL 


OMMERCIAL + RESIDENTIA 
’ 


EDWIN L.WIEGAND COMPANY 
7575 THOMAS BLVD., PITTSBURGH 8, PA. 
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Want quick, correct solutions to your heating problems? 


Call the Chromalox man for the ANSWERS 


No matter what heating problem you have, there’s a 
Chromalox electric heating unit of the type and size 
you need. 

Your Chromalox Representative—the man with the 
answers to your heating problems, routine or unusual— 
has over 15,000 standard types, sizes and ratings to 
choose from and many of these are stocked in quantity 
for immediate use. Moreover, Chromalox has the 
design and manufacturing facilities to build promptly 
special elements to fit your special requirements, pius 
a complete range of controls and accessories. For 
instance... 

@ Strip heaters in lengths up to 96 inches, in wattages 
up to 1500 with temperatures up to 1200°F, as well 
as new heater bands designed specifically for injec- 
tion and extrusion barrels. 

Chromalox Electric Tubular Heaters engineered and 

built to suit your design. No quick compromise with 

an adapted element, but a custom-designed com- 
ponent with the exact characteristics necessary to 
give years of top performance to your product. 


@ Specify Chromalox Electric Cartridge Heaters, and 
you get more dependable spot heat with close 
thermal control. Exclusive design gives positive 
lead wire protection against flexing, abrasion, mois- 
ture. Also available in new extra-high-temperature 
models with Inconel® sheath to provide maximum 
heat concentration. 

New Microfin® units for space heaters and process 
air in ovens and ducts provide safe, fast heating, 
and are workable into limitless configurations to 
provide maximum wattage in a given space. 
Packaged elements for Far-infrared, immersion, and 
circulation heating. 

Lightweight, flexible Pre-Fab woven elements— 
silicone-molded or laminated—for confined spzces, 
and areas requiring small amounts of heat. 

For an on-the-spot heating analysis at no obligation, 

just call your Chromalox Direct Factory Representa- 

tive. A call to your “man with the answers’’ (see listing 
on opposite page) will put Chromalox Service to work 
for you at once. 


4eee 


CHROMALOX® Electric Heat 
Edwin L. Wiegand Company 


7575S Thomas Boulevard, Pittsburgh 8, Pennsyivania ¢« CHurchill 2-6400 
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STEP-BY-STEP 
ef 0) >) i co 


This 102 page volume 
includes practical data on: 


Measuring company needs 
in new-product development 


Developing and finding new-product ideas 
Evaluating new-product potentials 
Organizing engineering and research for product development 


Measuring progress in product performance 


This collection of 17 helpful articles details 
the necessary steps to the development and 
engineering of new products. Written by 
Dr. Philip Marvin, well-known market 
consultant, this book is “required reading” 
for every engineer responsible for the de- 
velopment of new product ideas or the op- 
eration of a research program. 


Reader Service. Penton Building Cleveland 13, Ohio 
(Remittance or Company Purchase Order must be enclosed with order.) 


Send me copies of 


Planning New Products @ $3.00 each A 


NAME 





COMPANY 





ADDRESS 





REPRINT 


«—MAIL TODAY 


CITY ZONE STATE. 
(Add 3% to orders for delivery in Ohio to cover State Sales Tox.) 











NOTE W. OC 8 FH. Y 


Angular-Displacement Control Device 


Any angular displacement in unit steps from 1X 
to 127X can be set instantaneously into a compact con- 
trol device. Factor X can be any arbitrary unit of an- 
gular displacement such that the largest product is less 























than 360 deg. Essential components of the device in- 
clude a cup which encloses seven plate cams loaded by 
a torsion spring, all coaxial. The seven cams are identi- 
cal in that all have the same outside shape, each has 
the same number and locations of peripheral through 
holes, and each has the same positions for the disc and 
body portions of an electrically fusible rivet. The 
cams are mounted on the cup shaft alternately upright 
and turned over. Under spring torsion, pins in the 





through holes limit relative displacement in pairs of | 


adjacent cams to 64X, 32X, 16X, 8X, 4X, 2X, and 
1X, respectively. Any displacement desired is the sum 
of two or more of these values. Displacements are 
fixed when electrical charges cause fusing of selected 
pairs. Patent 2,863,330 assigned to the United States 
of America by John G. Moorhead. 


Wheel-and-Dise Friction Clutch 


Substantially no drag and no backlash are objectives 
for a friction-drive slip clutch intended for light-duty 
service. Located at the clutch-end of the driven shaft 
are a fixed triangular plate and a floating circular plate. 
Between these plates are three leaf springs each hav- 
ing opposite ends spot welded to the respective ‘plates. 
When the clutch’ is at rest,’the springs draw the plates 


January 22, 1959 


AIR VALVE 


FOR ORIGINAL EQUIPMENT MANUFACTURERS 


250 P. S. |. four-way air valves in 4, % and % inch pipe sizes. 


% 


f 
f 
' 
i 
t 


This is a re-design of our proven 250 P. S. |. air valve. 


NEW FACE LIFT results in LOWER PRICE 


None of the operating advantages of 
this rugged ‘Shear-Seal’ valve has been 
reduced one iota! 


. same non-corros've construction 
throughout — eliminates failures 
due to rust. 


. same long wearing leak-proof 
qualities — metal to metal ‘Shear- 
Seal’ design is not sensitive to 
dirt, compensates for wear. 


. . same installation savings — be- 
cause no oilers or filters are 
needed. 


Only the exterior has been modified — tailored to the spe- 
cial preference of the Original Equipment Manufacturers 
— and, as a result, costs and prices have been substantially 


duced... or 
requcee’ Write for bulletin 5000 which includes design specs. 


CONTROL VALVE DIVISION 
W4 
 Warksdale valves 
5125 ALCOA AVENUE ¢ LOS ANGELES 58 © CALIFORNIA 
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share a mold- 


AT ATLANTIC CASTING 


Typical Atlantic Production Mold-Half (18 x 12’) 
PRODUCTION COSTS FOR PRECISION CASTINGS SHOWN 
ABOVE WERE SHARED BY THE FOLLOWING pacetanantl 


General Electric Company; Intertype Corporation; W h 
Electric Corporation; Air Reducti Cor tion; ‘United Shoe 
Machinery Corporation; 1.1.E. Circuit Breaker Company; Ordnance 
Corps. Dept. of Army; Vonnegut Hardware Company. 


PRECISION CASTINGS COST LESS AT 
ATLANTIC because production molds are shared 
by up to fifteen different customers and fifty cast- 
ings. Standard production molds are produced and 
poured on a continuous basis and when an order 
for a casting is completed, the portion of the mold 
vacated is immediately utilized for another casting, 
while production proceeds without interruption. 


TOOLING COSTS CUT! 
Atlantic mold-sharing requires only one inexpen- 
sive, brass pattern, quickly produced and easily 
altered. 


LABOR COSTS CUT! 
Pouring as many as fifty castings in a single mold 
allows substantial reduction in labor costs per 
casting. This saving is passed on to you. 


LEAD TIME CUT! 
Continuous mold production with Atlantic’s 
standardized interchangeable tooling allows im- 
mediate adjustments in scheduling to conform 
to your delivery requirements. Deliveries start in 
as little as two weeks on new orders—one week 
on reorders. 
SEND OR CALL TODAY FOR ATLANTIC’S 
NEW CASTING CATALOG. 








CASTING and ENGINEERING CORP. 


ROM -Ulelelabilcticm Gactaltls e Clifton, N. J 
PRescott 9-2450 
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together, out of contact with the driver, and spaced 
apart by a collar. The clutch is engaged by energizing 
two electromagnets which draw the edge of the round 

















plate into friction contact with a wheel on the driving 
shaft. Flexure of the leaf springs provides nearly in- 
stantaneous engagement and their longitudinal stiff- 
ness assures negligible backlash. Patent 2,861,459 
assigned to Beckman Instruments Inc., Fullerton, Calif., 
by Erik W. Anthon. 


Power-Screw Clutch-Brake 


Cam action of a lever and a linkage enable a power- 
screw assembly to change or hold its configuration 
while loaded in either tension or compression. At one 

















=p! | Lever 
7 / 
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end, a cylindrical member has a large eye, for con- 
nection to a fixed body, and an annular recess which 
receives a lever. Applied axial force causes the lever 
to cam about its pin and close a clutch fixed to the 
screw subassembly. Whether force is applied in ten- 
sion or compression, the contour of the lever assures 
equal leverage, hence, equal braking force. To ro- 
tate the screw subassembly free of brake drag and 
with any amount of load, operation of a linkage causes 
threaded links to advance on studs. The links carry 
a clutch 1, ing with them and thus separate friction sur- 


MacHINE DesIcN 
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faces. This action is reversible. Patent 2,857,775 as- 
signed to Bendix Aviation Corp., Teterboro, N. J., by 
Leonard Ochtman. 


Severable Shaft Coupling 
































When emergency conditions require the separation 
of driving and driven sides of a coupling assembly, a 
solenoid-actuated cutting tool severs the connection 
through the wall of a ring member designed weak for 
this very purpose. Severance requires a number of shaft 
revolutions, which is relatively slow rather than abrupt, 
to avoid shock and vibration in the tool and in the 
assemblies disengaged. The separation is maintained 
by two concentric helical springs which bear against 
the driven shaft and a floating disc. Patent 2,862,375 
assigned to Fairchild Engine and Airplane Corp., Bay 
Shore, N. Y., by Sherman B. Miller. 


Explosive-Actuated Plunger 





— Diaphragm 


} 


Piston 


hy 


— 


i 





Seed 











Cartridge 


Section 2-2 











In an emergency actuator, high-pressure gas pro- 
duced by the ignition of an explosive-filled cartridge 
causes rapid, linear motion of a counterbored piston 
and a coaxial rod on opposite sides of a flexible dia- 
phragm. Under normal conditions. the rod is actuated 
by relatively low-pressure fluid applied to the dia- 
phragm, and the piston is fixed axially by a threaded 
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NEED A 
SKINNY MOTOR? 


If your product could make fatter profits with a 
slim motor, we'll customize one for you—pencil- 
thin (8:1). Many a deep-well pump has a Jack 
& Heintz motor inside a 4-inch well casing. 

But maybe a squat motor, up to 1:8 is what you 
want. Slim or fat. Silhouette 8:1 or 1:8, it’s just 
a start. We'll customize resistance to corrosion if 
you need it. Add the torque characteristics you 
want. Even give it special high temperature rat- 
ings if you say so. 

You set the mechanical, physical, electrical and 
environmental conditions. J & H will do the rest. 

Call Jack & Heintz for a motor that fits your 
design perfectly. Our range is 4 to 3 hp, up to 


15 hp for submersibles. 


Back & Menez. inc. 
COMMERCIAL MOTOR DIVISION 
17626 Broadway + Cleveland 1, Ohio 
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pin. In the emergency explosion, necessitated by pres- 
sure failure, the pin is sheared and the piston is held 
in any outer position it reaches by a ring of spring- 
loaded balls jammed into a conical wedge. Patent 
2,860,736 assigned to Talco Engineering Co., Hamden, 
Conn., by Jerome Belsky. 


Built-Up Gear Assembly 




















Prefabricated components fastened with pins form a 
complete gear or sprocket assembly for heavy-duty 
service in which damage to teeth may occur. Teeth 
can be replaced individually by using simple hand tools. 
All other components are replaceable too. Thus, thick 
or thin hub members can be substituted on either side 
of the assembly, and different total numbers of teeth, 


can be installed. Patent 2,862,399 assigned to Wald 
Industries Inc., Huntington, Pa., by John R. Wald Jr. 
and Rufus W. Wilson. 


Differential-Pressure Piston Assembly 
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In a fluid-control mechanism which converts high 
pressure to low pressure, a floating piston of distinctive 
shape separates two incompatible working fluids in a 
way that neither contacts surfaces exposed at any time 
to the other. The high-pressure side is closed by a 
cap from which an integral cylinder projects. The 
floating piston, having an integral, concentric cup, 
telescopes the projecting cylinder and provides clear- 
ances for fluid flow. Patent 2,849,865 assigned to B. F. 
Goodrich Co., by Burlin W. Oswalt. 











If your operation 
is here... 














Your best 
solution is... 





—and your most efficient air source is 


LEIMAN £22. AIR PUMPS 


Designing with Air is extremely versatile, reliable and low in cost for 
countless operations—especially when “lifetime” Leiman Air Pumps 
are installed. 


Leiman Air Pumps, with exclusive hinged vane design, have 2 to 3 
times greater air space per size and weight of pump .. . provide higher 
vacuum, suction or pressure with smaller pumps, slower speeds. Fewer 
moving parts, and all parts made of durable cast iron and steel (no 
composition). Take up their own wear to provide “lifetime” depend- 
ability. Quiet running. Every pump tested before shipment. Over 70 


years’ air engineering at your service on any design or problem. PRESSURE to 20 Psig. 


LEIMAN BROS., INC. 158 Christie St., Newark 5, N. J. VOLUME to 162 c.f.m. 
Established 1887 oh 


VACUUM to 29.9” Hg. 





Learn more about 
DESIGNING WITH AIR 
Write for 16-page catalog, 
plus Application Book 
showing dozens of “how- 

to-do-it” blueprints. 





‘AIR and VACUUM PUMPS « GAS BOOSTERS « 
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LOW-COST MODULAR 


PLUG & RECEPTACLE 


© Provides from 3 to 30 polarized 
circuit combinations. 


@ Fast, easy assembly. 


@ Terminals automatically crimp to 
wires and snap-lock into modules. 

e Flexible spring-clip mounting. 

e Available in phenolic or polyester 
—wup to 10 amp capacity. 

Let us solve your circuit or wiring 

problems. Complete engineering and 

production facilities available. 


Literature 
on request 


Write today for complete information. 


MOLEX PRODUCTS COMPANY 


9500 Southview Avenue © Brookfield, Illinois 
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This sketch 
briefly describes 
the cost of 
typical parts 
made for one 





IN SMALL LOTS 


of our earliest 





t h 
customers, whom EXAMPLE 


MAT'L. C. R. STEEL 
The cost of blanking, piercing and form- 
ing, including all tools: 

First 100. . 

Each add'l. 100.... } 
Plus actual cost of material used for 
stampings. 


we have served 
for the past 
thirty-four years. 


We have the nation’s very best facilities and know- 
how to produce short-run stampings at the lowest 
possible cost. Send your sketch, blueprint, or part, 
plus quantity, for prompt quotation. 


Dayton RoGers 


MINNEAPOLIS 7C, MINNESOTA 








Circle 549 on Page 19 











SOUTHWEST 
4d 44 


f 


SELF-ALIGNING 
BEARINGS 


PATENTED U.S.A. 
All World Rights Reserved 


CHARACTERISTICS 


RECOMMENDED USE 
For types operating under high 
200 


ANALYSIS 


Stainless Steel Ball 


1 
bei = oes temperature (800 


degrees F.). 


Chrome Alloy Steel For types operating under 


Salt endl Reco high radial ultimate loads 


(3000-893,000 Ibs.). 


Bronze Race and For types operating under 


Chrome Steel Ball normal loads with minimum 


friction requirements. 


Thousands in use. Backed by years of service 
life. Wide variety of Plain Types in bore sizes 
3/16” to 6” Dia. Rod end types in similar size 
range with externally or internally threaded 
shanks. Our Engineers welcome an opportunity 
of studying individual requirements and pre- 
scribing a type or types which will serve under 
your demanding conditions. Southwest can 
design special types to fit individual specifica- 
tions. As a result of thorough study of different 
operating conditions, various steel alloys have 
been used to meet specific needs. Write for Engi- 
neering Manual No. 551. Address Dept. MD-M59 


SOUTHWEST PRODUCTS CO. 


1705 SO. MOUNTAIN AVE., MONROVIA, CALIFORNIA 
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SHEAR-PROOF CABLE 
ALLOY STEEL CLAMPS 


DRIV-LOK A STYLE AND 


PINS SIZE FOR EVERY 
fo ‘ # of molded black Nylon CABLE FASTENING 


: : for high tem t 
maximum resistance ee, REQUIREMENT 


ice conditions. 








Weckesser Cable Clamps 

offer superior insulating 

properties, high strength, 

light weight . . . with no rust 

or corrosion. 

® Drill a hole and drive them in... : > Non-circular shapes also 
they’‘re grooved and self-locking : available. Immediate de- 


®@ Provide the ultimate in physical livery from on-hand stocks. 


properties at moderate cost of economical Ethyl- 
Cellulose for maximum 


@ Re-usable without loss of holding sea ciliaiaiiaals: WRITE TODAY FOR FREE 
-wsvaaad SAMPLES AND PRICE SHEET 


Now, you can get the efficiency, convenience and WYreagg7,, 
proven economy of DRIV-LOK Grooved Pins PLUS COMPANY 


maximum resistance to shear, shock and fatigue, by 5715 Northwest Highway ° Chicago 46, Ill. 
specifying or installing Shear-Proof DRIV-LOK 
Pins. Made of alloy steel, heat treated to provide 
optimum physical properties and high shear values, Circle 552 on Page 19 
Shear-Proof DRIV-LOK Pins are designed for reer nae 
critical applications where ultimate strength and 
reliability are mandatory. They are replacing alloy 
dowels, bolts, key and set screw assemblies, hollow 
pins (used singly, or one inside the other) in widely 
varied applications ... thus saving time, labor and 
material. Write for special Shear-Proof DRIV-LOK 
Pin Catalog. Sample Type A Shear-Proof Pins fur- 
nished free on request. 


type A standard =——] 


hey od gear is custom-made 


SPUR, SPIRAL, BEVEL, HELICAL, 

















E U INTERNAL, WORM, RACK, SPROCKET, ETC. 
coiled We deliver to your exact specifications 


Slotted Spring Pins | SHEAR-PROOF 
Diameter § Spring Pins | HEAVY DUTY | DRIV-LOK PINS 





Abart carries no stocks ... every gear is precision- 
3/32 1000 1030 2040 cut to order. Any type of gear... from any mate- 


hed roe re ro rial, in any quantity. 96 D. P. to 5/7 D. P.—1/4” 
3/16 4400 4140 8240 P.D. to 18” P.D. ; 


1/4 7700 7360 14720 
5/16 11500 11500 22960 Send B/P and specs or sample 


3/8 17600 16580 33160 for estimate 


ae a ee pe WRITE FOR ABART GEAR BULLETIN 


DRIV. LOK SALES CORPORATION 


4821 WEST 16th STREET ° CHICAGO 50, ILLINOIS 























715 PARK AVENUE SYCAMORE, ILLINOIS 
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DOLLIN DIE-CASTINGS 


meet rigid requirements for 
light weight...strength...compactness 
in Revolutionary 
LEWYT ELECTRONIC VACUUM CLEANER 


The Mororized Beater- 
Sweeper in the new Lewyt 
Electronic Vacuum Cleaner 
weighs only 5 pounds—has 
only 1/5 the weight of con- 
ventional uprights — is less 
than 3” high, yet gives more 
powerful efficient cleaning. 
These requirements were 
met with Dollin advanced- 
design zinc and aluminum 
die-castings. 


Make Dollin your source for Quality parts, at low cost. 


For 25 years, Dollin engineers 


re “mr 
have been solving dilicule design = SR PLASTIC PLUGS AND CAPS 
problems for leading manufacturers 
in every field. Submit prints or Our 25th Anniversary 


we he FF FULL PROTECTION 
po hts cio DOLLIN bd EASY TO REMOVE 


DOLLIN CORPORATION 
6125So. 21st St., Irvington 11, N. J. Zinc and Aluminum 


WILL NOT SHRED 


S.S.WuITteE Plugs and Caps give full 
protection, plus many other important 
advantages. They'll never shred, leav- 
ing debris in your product. Your cus- 
tomers will appreciate their simple ease 
of removal. Installation takes only sec- 
onds of production line time! 


THE Qua ity Line—of Rigid Acetate— 
is tough, non-brittle, impervious to 
petroleum-base oils and greases, and 
withstands impact. 


THE ECoNoMY LinE—of Flexible Elas- 
toplastic Vinylite has a “non-slip grip” 
1 for easy installation or removal, a stay- 
wal consult put fit, and gives sure protection 

1 against damage in handling, storing or 

~ we ) shipping. 

S.S.WHITE Plastic Plugs and Caps will 
give your product sure protection, 
worth thousands of dollars, at a cost 
of only pennies! Ask for samples and 


me for Bulletin P5708. (Dept. 4) 


P 
| Bn: AND P 
REPLACE Pamarco offers complete service on KMbhic 


light or heavy duty precision cy- = PLASTICS DIVISION 


lindrical components. Large quan- 
tities for production or parts for ‘% 10 East 40th Street, New York 16, New York 
molntonance. Rolle, shafts, axles Western Office: 1839 West Pico Blvd., 

and other cylindrical parts to ansaid te, ah 
‘ closest tolerances. Chrome, cop- 
Do it per and pentrate finishing, slab 
today! \ rnilling, long keyways. Elimi- 
nate production bottlenecks 
with Pamarco high-accuracy 

cylindrical parts! 


PAMARCO 


INCORPORATED 


ROSELLE, NEW JERSEY 
Tel. CHestnut 1-1200 





Circle 554 on Page 19 











Circle 555 on Page 19 Circle 556 on Page 19 





To Your DESIGN 
SPECIFICATIONS - 
sia cles Me isl-meat-lale mre) mm ial 


J oT Tod f- 1) t-) are 


ERIE 


Bolts » Studs » Cap Screws + Nuts 


in Alloys + Stainless » Carbon + Bronze 


Experienced hands . . . expert hands . . . hands 
grown competent by the finest of precision work 
since 1913. These are the hands of our specialists 
who meet your design and engineering specifica- 
tions. Special and Standard Erie fasteners to meet 
the rigors of extreme temperatures, corrosion, ten- 
sile, fatigue, impact and shear stresses are serving 
widely diverse industries the world over. We work 
to Government and National specs and to special 
applications as well. Send your specifications to us, 
confident of the finished precision fasteners you 
expect. 


A SUBSIDIARY OF 


REPUBLIC INDUSTRIAL 
ORPORATION 


ERIE BOLT & NUT CO. 
Erie, Pennsylvania 
Representatives In Principal Cities 
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High impact strength is only one of 
the advantages you get with Phoenix 
“Pemester” Brush Holders. . . They 
are molded to close tolerances, and 
hold dimensional stability up to 
400°F...Whether your products get 
abuse from overloads or impact 
jolts—they stand a better chance 
to survive with “Pemester” 
Brush Holders. 


“Pemester” is available only from 

Phoenix, in addition to brush 

for 4 holders and caps in all standard 

Catalog body materials. Complete data on all 

57-L Phoenix Customized-Standard Brush 
Holders in Catalog 57-L. 


PHOENIX ELECTRIC MANUFACTURING CO. 
3625 N. Halsted Street Chicago 13, Illinois 
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FREE 21et4ce 
CATALOG 
Lists over 8,000 Precision 


Instrument Parts and 


Components FROM STOCK 


Featuring the NEW Precision Standard 

PIC “Ultra-Precision”—Exceeds established 

standards, to provide the greater accuracy 

demanded by today’s design, for the products 
of tomorrow. 


asi 
FREE “pesicn-aip” B —_N 
TEMPLATE KIT fa 41 


Contains 14 * Pd 

Actual Size Templates " SOE © ioe 
A completely new design § wm = : 
template system, created by 
working engineers, to assist 
you in the design and development of your spe- 
cific mechanical systems. 
Ideal for Breadboard Layout, Prototype Design, 
Production Design, Technical Sketching and De- 
tail Parts Drawing. 

Send for FREE Catalog and “Design Aid”, Today. 


PIC DESIGN CORP. 


Subsidiary of BENRUS WATCH COMPANY, Inc. 


477 Atlantic Avenue, East Rockaway, L.I., N. Y. 


‘f ~ 
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3000 PS! SERIES AVAILABLE IN SIZES 1%” THROUGH 6” 


BH EW 


Hydraulic 
Cylinders 


er 3000 PSI SerR1ES GENERAL PurR- @ Honed Steel Barrel. 

POSE CYLINDERS are designed around : ; 

standard components, custom-built to suit @ High Tensile, Hard Chrome Plated Rods. 

the application. Flexibility in standard @ Packings available for extreme high and low tem- 


parts enables BHEW to supply a cylinder 


peratures and most non-inflammable fluids. 


to fit most any application. Available in a 

variety of mountings, with or without © A rugged 3000 PS! cylinder for OEM. 
adjustable or non-adjustable rod ends. 

Self-adjusting “yy”? packed rod glands and Tell Us Your Design or Application Problems. 


“U”’ cup seal on pistons. 


We'll Show You How to Solve Them. 


BENTON HARBOR @=35 Gump 2a'’@ ENGINEERING WORKS, INC. 


622 Langley Ave. 


St. Joseph, Michigan 
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se SWITCHES 


UNDERSPEED 
One S.P.D.T. switch to trip at speeds as low as 
400 RPM. Maximum operating speed 5,000 RPM. 
OVERSPEED 


| 
| os S.P.D.T. switch to trip at speeds between 500 
5 


/ 
/ 


and 6,000 RPM. 


OVER and UNDERSPEED 
Two S.P.D.T. switches to trip at two different speeds 
between 500 and 6,000 RPM. 


OVER—INTERMEDIATE and UNDERSPEED 
Three S.P.D.T. switches to trip at three different speeds 
between 1,200 and 6,000 RPM. 


Speeds above or below those listed above must be referred 
to our Engineering Department for special consideration. Re- 
quest Bulletin 504 describing our Speed Sensitive Switches. 


SYNCHRO-START PRODUCTS 
INCORPORATED 

8151 N. RIDGEWAY AVENUE, SKOKIE, ILLINOIS 

Automatic Engine Control Sets — Safety Alarm Sets — Spe- 

cial Control Panels — D. C. Solenoids — Heavy Duty Relays 








Circle 561 on Page 19 





The dial 
thermometer 
at its hest 


DISTANT 
READING 


Something much 

finer in a dial ther- 

mometer: finer because 

it is the bourdon tube type of thermometer 
at its best...embodies the greater precision 
and lasting accuracy of the Marsh Pres- 
sure Gauge. 

Both vapor tension and gas-filled types 
are available in either distant reading or 
rigid stem types. In the broad Marsh line 
you have a complete selection of tempera- 
ture ranges, case sizes, styles, and finishes. 


RIGID Ask for the Thermometer Catalog 


mm MARSH 


MARSH INSTRUMENT CO. Sales Affiliate of Jas. P. Marsh Corp. 
Dept. B, Skokie, tll. 
Marsh instrument & Valve Co., (Canada) Ltd. 
8407 103rd St., Edmonton, Alberta, Canada 
Houston Branch Plant, 1121 Rothwell St. 
Sect. 15, Houston, Texas 
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Precision Made 


GILLEN MACHINE 
a AND PARTS 


See 


Keys to rigid Parts in every 

tolerances shape and size 
milled, drilled, tapped, 
countersunk, counter- 
Taper Keys, Straight and bored, heat-treated, sur- 
Round End Feather Keys. face ground in many 
ready for use. metals. 


completely deburred. 
Gib Head and No Head 











Blueprints will receive prompt quotations 
Ask for saraples by size and type 


JOHN GILLEN COMPANY 


Keying and Pinning Devices 
2568 South 50th Avenue « Cicero 50, Illinois 
A subsidiory of Standard Railway Equipment Manufacturing Company 
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Zor HEA 


Severe st Elec 


PLUGS & 
SOCKETS 


500 SERIES 
Proven Quality! 


P-506-CE—Plug with Cap 


| For 5,000 Volts, 25 Amperes 


$-506-DB per Contact Alterable by 
Socket with deep Bracket circuit Characteristics. 


Socket contacts of phosphor bronze, knife-switch type, cad- 
mium plated. Plug contacts hard brass, cadmium plated. 
Made in 2, 4, 6, 8, 10 and 12 contacts. Plugs and sockets 
polarized. Long-leakage path from terminal, and terminal to 
ground. Caps and brackets, steel parkerized (rust proofed). 
Plug and socket blocks interchangeable in caps and 
brackets. Terminal connections most accessible. Cap in- 
sulated with canvas bakelite. 


Write for Jones BULLETIN 22 for full details on line. 





HOWARD B. JONES Division 


H MAN FACTURING (¢ RP 


Circle 564 on Page 19 











HYDRAULIC 
SERVE 
FUNDAMENTALS 


by J. M. Nightingale 





VOL. 1 


Covers both the theoretical and practical 
aspects of servo system design applicable 
to control systems in general—hydraulic, 
pneumatic or combined systems. 


$1.00 per copy 


VOL. 2 


Study of the basic servo system compo- 
nents and practical methods for analyzing 
typical servo systems. 

$1.00 per copy 


VOL. 3 


A detailed approach to methods of im- 
proving servo system performance, quanti- 
tative design of servo systems and tran- 
sient response of servo systems. 


$1.00 per copy 


MACHINE DESIGN 


Reader Service 
Penton Building 
Cleveland 13, Ohio 


Send me________copies of Vol. 1 @ $1.00 per copy 
Send me_______copies of Vol. 11 @ $1.00 per copy 
Send me_______copies of Vol. Ili @ $1.00 per copy 


Remittence or Company Purchase 
Order must be enclosed with order 


NAME 





COMPANY 





ADDRESS 





CITY ZONE STATE 
(Add 3% to orders in Ohio to cover State Sales Tax) 
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A modified Teflon* dry bear- 
ing in 10 sizes — 4” to 1%” 
ID for immediate delivery! 


T-Liner bearings consist of an outer shell of metal with 
a thin liner of Rulon: 


* require no lubrication 
high resistance to wear 
wide temperature range (—300°F to +-525°F) 
low co-efficient of friction 
unexcelled chemical resistance 
self compensating to pressure and temperature 


*Dupont’s TFE 


CJ Send for special sample trial kits: 10 T-Liner bearings of 
any size of your choice — $8.50. 


plastics division: B°J> Cm -la-l-la-hilelt 
BRISTOL, Bigane E ANC E hed 
340-8 
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New TEMP-R-TAPE C 
002” thick, 2750 v/m 
pressure sensitive TEFLON* tape 


For -100°F to 500°F applications 


TEMP-R-TAPE® C, CHR’s newest pressure-sensitive tape, is made of 
ultra-thin, high dielectric, cast Teflon film to which a silicone poly- 
mer adhesive has been applied. Both pressure-sensitive and thermal 


curing, the adhesive sticks well to any surface over a —100°F to 
500°F (—70°C to 260°C) temperature range. Providing an easy-to- 
apply, extremely thin, high dielectric insulator (2750 volts/mil), 
TEMP-R-TAPE C was designed for and is now being used in the 
manufacture of miniature electronic units to withstand Class H and 
higher temperature requirements. Send for data on TEMP-R-TAPE C 
and CHR’s other extreme temperature, electrical and mechanical 
pressure-sensitive tapes. 


CONNECTICUT HARD RUBBER 
CHR 
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NEW HAVEN 9 
*du Pont TM. 


CONNECTICUT 








for that 


BIG PUSH 


LINDBERG HAS THE RIGHT CYLINDER 





SQUAREHEAD 
*“S*’ LINE 


A feature packed 

line with the “quick 

change” feature 

Rated 250 psi for 
air, up to 1000 psi hydraulic 
* 7 bore sizes thru 6” + Stand- 
ardized mounting dimensions, 
WRITE FOR BULLETIN 
S-101 


yiolelem 3) 
““H*’’ LINE 


Anextra heavy duty 
) hydraulic cylinder 
¢ Available with or 
without cushions « 
Standard or 2:1 rods + Bore 
sizes through 8 inches in 5 
mounting styles, 
WRITE FOR BULLETIN 
H-101 


HEAVY DUTY 
“A” LINE 


ye A rugged non-tie 


rod cylinder for air 
pressures up to 150 
psi and low pressure 
hydraulic service. Bore sizes 
through 12 inches * Cushions 
optional ¢ 5 mounting styles. 
mill type cylinders or WRITE FOR BULLETIN 
specials designed to A-101 
suit your exact needs, 
send outline of your iy 
requirements to Our 
factory. 


a ena 


LINDBERG air and nyorauuie piv. 


TEER, W/ICKWI/RE & CO. 


1877 WILDWOOD AVE., JACKSON, MICHIGAN 


MEMBER N.F.P.A. 


OTHER CYLINDERS 
For fast action on 
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%* Accurate, Constant Cylinder 
Speed Control 
* Compact Rugged Design 
* a we Speed Selection + For Air, Oil or Water Applications 


Pneu-Trol Speed Control Valves, are widely 
used in hundreds of control applications be- 
cause they combine in a short, compact bod ys 
a tapered fine thread needle for extremely 
accurate air or oil flow control and a floating 
retro ball check, which permits full flow in 
the opposite direction. Retro ball floats in 
most sensitive position to its seat, requiring 
only a slight differential pressure to fully 
open or close it 

Needle design permits maximum flow ca- 
pacity in the conirolled direction. Metal to 
metal needle and ball seats insure long 
trouble-free service. Simple, practical “O” 

land structure eliminates troublesome leak- 

ng. Valve bodies machined from hex brass 
pt or aluminum for 2000 psi working pressures; 
Comme 100 steel and stainless steel for 5000 wr Made in 
5 a pipe sizes— 4%" to %”. ATTRACTIVE 
PRICES . . . IMMEDIATE DELIVERY. 

Write for illustrated circular and prices. 





Pneu-Trol DEVICES, INC. 


2925 GRANT STREET * BELLWOOD (Chicago Suburb) ILLINOIS - 
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NATIONAL LOCK 


Special- Purpose Fasteners 


se ets 
gprs gercenes i Eas 


i= 


ENGINEERING SPECIAL HEADS 
AND DESIGN SPECIAL SHANKS 
TIME SPECIAL THREADS 


Call upon National Lock fastener specialists to 
participate in your early planning . . . before your 
designs are frozen. These experienced men will 
furnish complete details on National Lock screws 
and bolts of every type, size, finish and material. 


SP Wale) P-\am molel amore) I 7-V bd 


Fastener Division Rockford, Illinois 


Circle 569 on Page 19 





Compact - - Quiet - Swift 


(Groptatros\/\)\ 


FIXED viene ELECTRIC CLUTCHES 


In Miniature 
& Small Sizes 


Introduced only a few short 
months ago, Simplatrol Fixed 
Field Electric Clutches have 
found popular application 
wherever space is tight, noise 
is objectionable and perform- 
ance requirements are rigid. 


PATENTED 
DIAPHRAGM ACTION 
Makes the Difference 


No other electric clutch and 
brake can duplicate the pat- 
ented Simplatrol diaphragm 

. the only moving part in 


P Simplatrol Fixed Field Clutches. 
Clutch fotel tl o}i tare] Here is a proved advantage 
. . « offering an absolute mini- 

Three styles from 7” to 3¥e"’. 


mum of maintenance. 
Torque output from 10 oz. 
inches to 100 Ib. inches. Ask for Simpiatrol Fixed Field 


Literature 
Ti latrol products corp. 
24-5 SALISBURY ST., WORCESTER, MASS. 
404-8 


Representation in Key Industrial Areas 
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20 TO 200 D.P. 


SEND YOUR PRINTS FOR QUOTATION 











SPURS * HELICALS @ WORM AND WORM GEARS 
STRAIGHT BEVELS e LEAD SCREWS e RATCHETS 
CLUSTER GEARS @ RACKS @ INTERNALS @ ODD SHAPES 


GEARS 











1031 PARMELE ST. ROCKFORD, ILLINOIS 
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long-lasting accuracy... 
trouble-free performance in 
timing, mixing, compounding, 
processing and similar operations! 


Sound, practical design, quality components and 

precision-controlled assembly insure the long-lasting 

dependability of ZENITH Multi-Circuit Timers. 

They are specified as standard components in 

countless commercial and industrial applications, 

as well as laboratory equipment and home appliances. 
Can be supplied in practically any time cycle 

and with any number of switches. Available 

without synchronous motor for elevator 

control, limit switch, etc. 

IMMEDIATE DELIVERY IN ANY QUANTITY... 

Request bulletin, 


See classified telephone directory 
for name of local distributor 


ZENITH ELECTRIC ry 


149 W. WALTON ST. ° CHICAGO 10, ILL. 
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Does Your Product Demand A 


SUPER SPRING? 
* SANDVIK 


2R25 
STAINLESS SPRINGS 


Give 5 To 10 Times 
Longer Performance 


This newest addition to the 
Sandvik spring line is made 
from a premium steel for appli- 
cations where performance de- 
mand outranks cost. 

The steel is Sandvik’s own 
2R25 stainless...a special extra- 
tough and ultra-resilient grade. 
It enables the springs to with- 
stand 5 to 10 tia..es the windings 
that ordinary carbon steel 
springs can take. At the same 
time, it can endure the corrosive 
attacks of varying atmospheres. 

Sandvik 2R25 springs are 
being supplied in either spiral 
or Sandvik’s exclusive cross- 
curved types. Write or phone for 
further information on these 
super springs or on Sandvik’s 
broad line of standard quality 
springs. Free literature, case his- 
tory files and specific spring 
design assistance are available 
to you. 


, ~ SANDVIK STEEL, INC. 
ie Tel. SWarthmore 7-6200 


In New York City 
\¥ Algonquin 5-2200 
% 


Cleveland ® Chicago 


Fair Lawn, New Jersey 


me, 


Os 


Detroit © Los Angeles 
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PERFORMANCE 


Primarily Engineered for Construction and 
Materials: Handling Equipment, HUSCO Hy- PROVEN 


draulic Units are preferred fér Their Space- li 
Saving, Positive Operational Control and re lef 


Cost-Saving Efficiency. valve. os 





HUSCO HYDRAULIC CONTROL VALVES 


Here is new engineered compact- 
ness in multiple-purpose valves 
that offer many advantages. Avail- 
able in a full range of sizes with 
capacities from 6 to 60 G.P.M., in 
single-acting, double-acting and 
float position operational control, 
with from one to four cast-on-bloc 
plunger arrangements. Designed 
with fine throttling control in o 
erating positions, they rovide 
built-in adjustable relief valves 
and built-in check valves in operating circuit, and assure prac- 
tically unrestricted flow through the valve. Available in either 
Series or Parallel circuits, with or without High Pressure Carry- 


= (500 series) 


Check HUSCO first for modern hydraulic units, 


? SS All HUSCO Standard Hydraulic Units can be 
custom-engineered to your specifications with 
speed and dependability. Write for details, 

HUSCO HYDRAULIC UNIT 

SPECIALTIES CO. 


Hydraulic Pumps, Valves, Cylinders, Controls 
P. O. Box 257-M, WAUKESHA, WIS. 
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OFFERS REPRINTS OF THE TRANSACTIONS OF THE 


CONFERENCES on MECHANISMS 


Drag-Link Mechanisms Basic Factors in Cam Design 

4th Conference Constant-Load Com Design Practical Approaches to Cam Design 

October 14-15, 1957 Equivalent Mechanisms for Cams $1.00 per copy 
Mechanism Design in Germany 


Unlocking Human Creativity 
Complex Numbers and Four-Bar Linkages $2.00 per copy 2nd Conference 
October 11-12, 1954 


Impact Forces in Mechanisms 

Anticipating Dynamic Behavior 3rd Conference Cc Desi d Manufacture 
High-S, ee be ‘am Design an anu 

igh Specs “ May 24-25, 1956 Vibration Anolysis of Cams 


Four-Bar Linkages - . ona 
Slider-Crank Linkages Kinematic Synthesis Calculating Dynamic Characteristics of 
Mechanisms 


Alternate Four-Bar Mechanisms Intermittent-Motion Mechanisms 

Linkages vs. Cams Modified Starwheels Analysis of Mechanisms with High-Speed 
Photography 

ORDER YOUR COPIES TODAY Predicting Performance of High-Speed 


eee ee ewe meee meee eee eee tessa Mechanisms 


Remittance or Company Purchase Straight-Line Mechanisms 
Order must be enclosed with order. Proportional Control System 
Beveloid Gearing 
Penton Building $1.00 per copy 


ee 1st Conference 
Send me___copies of the Ist NAME October 12-13, 1953 


Seeaenes Toeeanetions Mechanisms and Their Classification 
Send me copies of the 2nd COMPANY gnition and Treatment of Acceleration 
Conference Transactions Application and Design of Noncircular 
Send me copies of the 3rd Gears 
Conference Transactions ADORESS Utilizing Irregular Gears for Inertia Control 
A Simplified Approach to Linkage Design 
Send me_______copies of the 4th — 
_— Conference Tr city ZONE _ STATE Designing Cams with Aid of Computers 
Systematic Correlation of Motions 


$1.00 per copy 





READER SERVICE 

















(Add 3% to orders for delivery in Ohio to cover State Sales Tax) 
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VOLUME II 
ENGINEERING 
AIDS 


© Simplifying Constructions 
© Utilizing the Slide Rule 


® Construction Aids 


© Shortcuts for the Engineer 


Helpful Tips and Techniques 
that apply to engineering meth- 
ods, are now available in this 
one-volume reference. This man- 
ual contains 32 pages of illus- 
trated time-and-money saving 
procedures that every engineer 
can use. 


$1.00 a copy 


Order from 
MACHINE DESIGN 


Reader Service 
Penton Building 
Cleveland 13, Ohio 


(Remittance or Company Pur- 
chase Order must be enclosed 
with order) 

















Advertising Index 





Kaiser Aluminum & Chemical Sales, Inc. ..38, 39 
Kaydon Engineering C 
Kennametal, Inc. 





Laminated Shim Co., Inc. 
l ter Glass C 
la Salle Steel Co. 
Leiman Bros., Inc. 


Lindberg Air and Hydraulic Division, Teer, 
Wickwire & Co. 


SE ES SU bNG cb che oebe teecsesneed 91, 
Lovejoy Flexible Coupling Co. .............. 190 





Industrial ¢. +i 


McCauley P 
McGill Manufacturing Co., Inc. 





Manross, F. N., and Sons Division, Associated 
Spring Corporation 


Marlin-Rockwell Corporation 

Marsh Instrument Co. 

M-D Blowers, Inc. 

Messinger Bearings, Inc. 

Metals & Controls Corporation, Spencer Division 


Micro Switch Division, Minneapolis-Honeywell 
Regulator Co. 31 


Milwaukee Division, Associated Spring 
Corporation 80 


Miniature P ’ 68 


Minneapolis-Honeywell Regulator Co., Micro 
Switch Division 31 


Minnesota Mining and Manufacturing Co., 
Adhesives, Coatings and Sealers Division .. 71 
EU ON A, ocaviave vet veasescced 50, 51 


Molex Products Co. 
Monarch Aluminum Mfg. Co. 


Morganite, Inc. 





National Acme Co., The 
National Lock Co. 
National Screw & Mfg. Co., The 


National Tube Division, United States Steel 
Corporation 94, 9 


National Vulcanized Fibre Co. 
New Jersey Zinc Co., The 


Ohio Division, Associated Spring Corporation. . 
Ohmite Manufacturing Co. 

Onan, D. W., & Sons, Inc. 

Orange Roller Bearing Co., Inc. 


Pamarco inc. 


Parkersburg-Aetna Corporation, Aetna Ball and 
Roller Bearing Co. Division 


Peerless Electric Co., The, Electric Motor 
Division 





Penn Engi 

Pennsylvania Flexible Metallic Tubing Co. ... 
Phoenix Electric Manufacturing Co. .......... 
PIC Design Corporation 

Pneu-Trol Devices, Inc. 


Polymer Corporation of Pennsylvania, The .... 


Quinn-Berry Corporation 


Racine Hydraulics & Machinery, Inc. 


Raymond Manufacturing Division, Associated 
Spring Corporation 


Redmond Co., Inc. 
Reese Metal Products Corporation 


Reeves Brothers, Inc. ... 22.6650 e cece eeceens 203 


Reliance Electric and Engineering Co. ...... 
Inside Back Cover 
R Steel C 


Pp 100, 101 
Robbins & Myers, Inc. ..... 2.0.0 c cece eeee 64, 65 
Rockford Clutch Division, Borg-Warner 





Rockwell-Standard Corp 
Universal Joints Division 


Rollway Bearing Co., Inc. ... 0.6... 0e ee eeees 191 
Ruthman Machinery Co., The 





Gems Dhael, Wake oes ceveccccsovncencuces 219 


Seaboard Pacific Division, Associated Spring 
Corporation 


Set Screw & Mfg. Co. 

Sier-Bath Gear & Pump Co., Inc. 

Simmons Fastener Corporation 

Simplatrol Products Corporation 

SKF Industries, Inc. 

South Chester Corporation, Southco Division .. 155 
Sovthco Division, South Chester Corporation .. 155 
Southwest Products Co. 

Spencer Division, Metals & Controls Corporation 66 
Sperry Rand Corporation, Vickers, Inc., Division 81 
Stackpole Carbon Co. 


Staedtier, J. S., Inc. 
Standard Pressed Steel Co. Aircraft/Missiles 
Division 


Stearns Electric Corporation 
Struthers-Dunn, Inc. 
Synchro-Start Products, Inc. 
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Teer, Wickwire & Co., Lindberg Air 
Hydraulic Division 


Tennessee Coal & Iron Division, United States 
Steel Corporation 94 
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Timken Roller Bearing Co., The 
Tinnerman Products, Inc. 
Titeflex, Inc. 


Torrington Co., 





Townsend Co. 
Tubular Rivet & Stud Co. 
Te Porm Co... ccccvcccccccsccccvcvesces 


Unitcast Corporation 

United States Gasket Co. .... 2.6.6 eee ee eens 176 
United States Stee! Corp . 

United States Steel Export Co. ............ 94, 95 


United States Steel Supply Division, United 
States Steel Corporation 





Veeder-Root, Inc. 


Vickers, Inc., Division of Sperry Rand 
Corporation 


Waterman Engineering Co. 

Webster Electric, Oil Hydraulics Division .... 
Weckesser Co. 0. cccccccccccccccceccccece 212 
White, S. S., Plastics Division 

Wichita Clutch Co., Inc. 

Wiegand, Edwin L., Co. ........---eeees 204, 205 
Winsmith, Inc. 


Zenith Electric Co. 
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\ 
How far \ 


can 


an engineer 


go at AC? af 


Across the country or around the globe. You will find opportunity in any one of AC's bustling plants or installations. 

Your future is bright here. If you are a graduate engineer in the electronics, electrical or mechanical fields— you can go places at 
AC, because AC is going places. 

Today you can help AC turn out AChiever inertial guidance systems, plus a wide variety of other electro-mechanical, optical and 
infra-red devices. Tomorrow you can work on instrumentation needs for the ‘'space age’’. 

What's more, at AC you'll enjoy highest professional status, advance in proportion to your ability, and find the long-range security 
of working for the leader in the field—General Motors. 

This merits your attention. For details, just write the Director of Scientific and Professional Employment: Mr. Robert Allen, Dept. C, 
Oak Creek Plant, Box 746, South Milwaukee, Wisconsin; or Mr. M. Levett, Dept. C, 1300 N. Dort Highway, Flint 2, Michigan 


SPARK PLUG % THE ELECTRONICS DIVISION OF GENERAL MOTORS 


Inertial Guidance Systems e Afterburner Fuel Controls ¢ Bombing Navigational Computers ¢ Gun-Bomb-Rocket Sights 
Gyro-Accelerometers ® Gyroscopes @ Speed Sensitive Switches ¢ Speed Sensors ¢ Torquemeters @ Vibacall ¢ Skyphone 
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HUNT 


sets the pace again... 


with a 


| FULL FLOW 
yu Val ve 


at a 


: g Price 


comprehensive 


THE UNIVERSAL SIZE. We asked O.E.M. buyers, 
large and small users; men out in the plant and 
plant managers,—“If you had to standardize on 
just one size of control valve, what size would 
you select?” Almost without exception they re- 
plied;—“‘%2”’ size, it meets 85% or more of our 
requirements”. 

UNTIL NOW buyers have had to choose between 
a %’’ valve tapped 4%"’ but with only %” flow 
(about 167 CFM); or, a 4” valve tapped 4” 
but selling at the %"’ price. 


t 
, designs to come: 
More startling 


HUNT 


View of Y2" 4-way Single Solenoid 
Valve with Base Tapped for Side Con- 
nections. Also Available Double Solenoid 
2-position, and 3-position Neutral, 
Compound-on and Compound-exhaust. 


. ++ in a completely 
range of valve actions 


AGAIN HUNT LEADS. Now, from Hunt, you 
can get a full flow 2" valve (257 CFM at 100 
psig) in a complete range of actions, 2-way, 
3-way, 4-way and 5-way, including single and 
double solenoid in AC or DC, any voltage, any 
cycle, explosion proof solenoid if desired; also 
hand lever, double pilot, pilot operated auto- 
matic return, and mechanically operated both 
directions, or with automatic return. 


GET FULL DETAILS NOW about these new Hunt 
Valves that give you the flow you need, in the 
action you want, at a ¥2"' rather than %”' price. 


Send for 
Bulletin 
No. 582-A 
TODAY! 


Quick-As-Wink’ sin and HyYbRAULIC 


CONTROL 


Valves 


Manufactured by HUNT VALVE COMPANY, 2013 East Pershing St., Salem Ohio 


Circle 577 on Page 19 





buy your rsBpower at the output shaft 





Speed reducer problems involve more than just gear ratios. 
Horsepower, torque, overhung loads and duty cycle are con- 
siderations that require performance matching of motor and 
reducer. When you specify Master Gearmotors you eliminate 
dual responsibility for overall performance. 


Master Gearmotors are packaged components, engineered 
to meet your requirements from line voltage: to keyway 
dimensions. Motor and reducer are built as a single, rigidly 
aligned unit. These compact drives offer maximum efficiency 
and durability at minimum cost. 


You can reduce engineering and assembly expenses by 
giving Master the responsibility for the entire power pack- 
age. With Master Gearmotors you buy your horsepower 
where you need it, at the output shaft. 


Vertical and horizontal, right angle and parallel shaft, 
worm, helical and herringbone gearing—% thru 125 hp. 


Product of Master Electric Division of Reliance Electric and 
Engineering Company, manufacturers of a-c. motors, Reeves 
Drives, VxeS Drives, Super ‘T’, D-c. Motors, generators, con- 
trols, and engineered drive systems. E1sos 


RELIANCE tncineteinc co. ° 


DEPT. 281A, CLEVELAND 17, OHIO 
CANADIAN DIVISION: TORONTO, ONTARIO 
Sales Offices and Distributors in Principal Cities 


CGoaTS 


Circle 402 on Poge 19 
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Name your bearing needs...we’'ll meet ‘em pronto 
from 30 types, 10,247 sizes 


IME and time again, machinery 

makers come to the Timken 
Company for help with some special 
bearing application problem. One 
they think hasn’t been solved be- 
fore. And time after time, from our 30 
types and 10,247 sizes of Timken‘ 
tapered roller bearings, we’ve come 
up with the bearing design to do 
the job and at minimum cost. 

It’s no accident that we can help 
out so often. In sixty years of 
helping machinery builders with 
bearing problems, we've engineered 


and produced the world’s largest 
selection of tapered roller bearings. 
And we’ve constantly improved our 
designs. The answers to thousands 
of bearing application problems 
are already in our files. Ready and 
available to help you. 

And machine users get the same 
swift service if they ever need a 
replacement Timken bearing. Even 
for old machines, they can almost 
always count on immediate delivery 
of Timken bearings for replacement. 

Why not call on our engineers for 


help whenever you have a bearing 
application problem or require- 
ment? Timken is your No.1 bearing 
value. Wherever wheels and shafts 
turn, Timken bearings eliminate 
friction, cutting wear and mainte- 
nance to a minimum. Specify bear- 
ings trade-marked “Timken” for 
the machines you buy or build. The 
Timken Roller Bearing Company, 
Canton 6, Ohio. Canadian plant: St. 
Thomas, Ont. Cable: “TIMROSCO”’. 


This symbol on a product means 
its bearings are the best. 


| TAPERED ROLLER BEARINGS ROLL THE LOAD 


Circle 403 on Page 19 





